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ABSTRACT 

This  Rate  Training  Hanual  (Textbook*  and  Nonresident 
Career  Course  form  a  correspondence ,  self-study  package  tc  provide 
information  related  to  tasks  assigned  to  Builders  Third  and  Second 
Class*  Focus  is  on  constructing,  maintaining,  and  repairing  wooden, 
concrete,  and  mascnry  structures,  ccncrete  pavement,  anc  waterfront 
anc  underwater  structures:  performing  rough  and  finish  carpentry: 
erecting  or  repairing  waterfrcnt  structures,  wooden  and  ccncrete 
bridges  and  trestles:  fabricating  and  erecting  forms:  lixing, 
placing,  and  finishing  concrete:  laying  and  setting  mascnry:  and 
painting  cr  varnishing  new  and  refinished  surfaces*  The  16  chapters 
in  the  text  are  Construction  Administration:  Drawings  and 
Specifications:  Woodworking  Shop  and  Field  Too3s:  Wccdwcrking: 
Materials  and  Methods:  Fiber  Line,  sire  Rope,  and  Scaffclding: 
Leveling,  Gradino,  and  Excavating:  concrete:  Masonry:  Light  Frame 
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Preservatives:  Advanced  Base  Field  Stiuctures:  and  Heavy 
Construction,  The  Nonresident  Career  Course  follows  'the  index*  It 
contains  IB  assignment  and  learning  objectives  with  related  sjts  of 
teaching  items  to  be  answered*  Learning  objectives  and  items  are 
based  on  subject  matter  or  stady  material  in  the  teatttcck*  <*LBt 
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PREFACE 


The  ultimate  purpose  of  training  Nava]  personnel  is  to  produce  a 
combatant  Nav7  which  can  insure  victory  at  sea.  A  consequence  of  the 
quality  of  training  given  them  is  their  superior  state  of  readiness.  Its  result  is 
a  victorious  Navy, 

This  Rate  Training  Manual  and  Nonresident  Career  Course  (RTM/NRCC) 
form  a  self-study  package  that  will  enable  Builders  Third  and  Second  Class 
help  themselves  ftdfiU  the  requirements  of  their  rating.  They  perform  tasks 
required  for  construction,  maintenance  and  repair  of  wooden,  concrete,  and 
masonry  structures,  concrete  pavement,  and  waterfront  and  underwater 
structures;  perform  rough  and  finish  carpentry;  erect  or  repair  waterfront 
structures,  wooden  and  concrete  bridges  and  trestles;  fabricate  and  erect 
forms;  mix,  place*  and  finish  concrete;  lay  and  set  masonry;  and  paint  or 
varnish  new  and  refinished  surfaces. 

Designed  for  individual  study  and  not  formal  classroom  instruction,  the 
RTM  provides  sutgect  matter  that  relates  directly  to  the  occupational 
standards  of  the  Builder  rating.  The  NRCC  provides  a  way  of  satisfying  the 
requirements  for  completing  the  RTM.  Assignments  in  the  NRCC  include 
learning  objectives  and  supporting  items  designed  to  lead  the  student 
through  the  RTM. 

This  RTM/NRCC  was  prepared  by  the  Nava]  Education  and  Training 
Program  Development  Center,  Pensacola,  Florida,  for  the  Chief  of  Naval 
Education  and  Training,  Technical  assistance  was  provided  by  the  Naval 
Facilities  Engineering  Command,  Alexandria,  Virginia,  the  Naval 
Construction  Training  Center,  Port  Hueneme,  California,  the  Naval 
Construction  Training  Center,  Gulfport,  Mississippi,  and  the  Civil 
Engineering  Support  Office*  Port  Hueneme,  California. 
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THE  UNITED  STATES  NAVY 


GUARDIAN  OF  OUR  COUNTRY 

The  United  Slates  Navy  is  responsible  for  maintaining  control  of  the 
sea  and  is  a  ready  force  on  watch  at  home  and  overseas,  capable  of 
strong  action  to  preserve  the  peace  or  of  instant  offensive  action  to 
win  in  war. 

It  is  upon  the  maintenance  of  this  control  that  our  country's  glorious 
future  depends;  the  United  States  Navy  exists  to  make  it  so. 


WE  SERVE  WITH  HONOR 

Tradition*  valor*  and  victory  are  the  Navy's  heritage  from  the  past.  To 
these  may  be  added  dedication,  discipline,  and  vigilance  as  the 
watchwords  of  the  present  and  the  future. 

At  home  or  on  distant  stations  we  serve  with  pride,  confident  in  the 
respect  of  our  country,  our  shipmates,  and  our  families. 

Our  responsibilities  sober  us;  our  adversities  strengthen  us. 

Service  to  God  and  Country  is  our  special  privilege.  We  serve  with 
honor. 

THE  FUTURE  OF  THE  NAVY 

The  Navy  will  always  employ  new  weapons*  new  techniques,  and 
greater  power  to  prctect  and  defend  the  United  States  on  the  sea, 
.  under  the  sea,  and  in  the  air. 

Now  and  in  the  future,  control  of  the  sea  gives  the  United  States  her 
greatest  advantage  for  the  maintenance  of  peace  and  for  victory  in 
war. 

Mobility,  surprise,  dispersal,  and  offensive  power  are  the  keynotes  of 
the  new  Navy.  The  roots  of  the  Navy  lie  in  a  strong  belief  in  the 
future,  in  continued  dedication  to  our  tasks,  and  in  reflection  on  our 
heritage  from  the  past. 

Never  have  our  opportunities  and  our  responsibilities  been  greater. 
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CHAPTER  1 


CONSTRUCTION  ADMINISTRATION 


When  you  first  "sew  on  the  crow/' you  take 
a  big  step  in  your  naval  career.  You  become  a 
PETTY  OFFICER.  This  step  carries  with  it 
many  tesponsibilities*  including  those  of  a  leader 
and  administrator.  It  won*t  be  long  before  you 
are  called  on  to  serve  as  the  leader  of  a 
BUILDER  (6U)  team  or  crew.  Your  examples  of 
leadership  will  influence  the  crewmembers,  so 
you  must  always  exhibit  a  strong  sense  of 
personal  integrity  and  dedication  to  your  work 
and  to  the  Navy. 


ADMINISTRATION 

Crews  may  perform  a  variety  of  jobs  related 
to  the  BU  rating.  Your  duties  as  a  crew  leader 
may  vary  from  one  activity  to  another.  At  most 
activities,  you  can  expect  duties  that  involve 
planning  work  assignments,  supervising  work 
teams,  initiating  requisitions,  and  keeping 
timecards.  The  following  paragraphs  will  contain 
basic  guidelines  for  carrying  out  these  duties. 

PLANNING  WORK 
ASSIGNMENTS 

For  purposes  of  this  discussion,  planning  is 
the  process  of  determining  requirements  and 
devising  and  developing  methods  and  schemes  of 
action  for  performing  a  task.  Proper  planning 
saves  time  and  money  and  makes  the  job  easier 
for  all  concerned.  Here  are  some  pointers  that 
will  aid  you  in  planning  day-to-day  work 
assignments  for  work  teams. 

When  you  are  assigned  a  project,  whether  in 
writing  or  orally,  one  of  the  first  things  to  do  is 
to  make  sure  you  understand  clearly  just  what  is 


to  be  done.  Study  the  plans  and  specifications 
carefully.  If  you  have  any  questions,  find  the 
answers  from  those  in  a  position  to  supply  the 
information  i'ou  need.  Among  other  things, 
make  sure  you  understand  the  priority  of  the 
project,  expected  time  of  completion,  and  any 
special  instructions  to  be  followed. 

In  planning  for  a  small  or  large  project  you 
must  consider  the  capability  of  your  crew. 
Determine  who  is  to  do  what  and  now  long  it 
should  take  to  complete  the  assignment.  Also 
consider  the  tools  and  equipment  you  will  need 
and  arrange  to  have  them  available  at  the  jobsite 
at  the  time  the  work  is  to  get  underway. 
Determine  who  will  use  the  tools,  and  make  sure 
the  crewmembers  to  whom  they  are  assigned 
know  how  to  use  them  properly  and  safely. 

To  help  insure  that  the  project  is  done 
properly  and  on  time,  you  will  want  to  consider 
the  method  of  accompli  slim  en  t.  If  there  is  more 
than  one  way  of  doing  a  particular  assignment, 
you  should  analyze  the  methods  and  select  the 
one  most  suited  to  job  conditions.  Listen  to 
suggestions  from  others.  If  you  can  simplify  a 
method  and  save  time  and  effort,  by  all  means 
doit. 

Establish  goals  for  each  workday  and 
encourage  your  crewmembers  to  work  together 
as  a  team  in  accomplishing  these  goals.  You 
want  to  set  goals  which  will  keep  your  crew 
busy,  but  make  sure  your  goals  are  realistic. 
Discuss  the  project  with  your  crewmembers  so 
that  they  will  know  what  you  expect  from  each 
one  of  them.  During  an  emergency*  most 
crewmembers  will  make  an  all-out  effort  to  meet 
the  deadline.  But  people  are  not  machines,  and 
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when  there  is  no  emergency,  they  cannot  be 
expected  to  continuously  work  at  an  excessive 
high  rate. 

SUPERVISING  WORK  TEAMS 

After  a  job  has  been  properly  planned,  it  is 
necessary  to  supervise  the  job  carefully  to  insure 
that  it  is  completed  properly  and  on  time. 

Prior  to  starting  a  project,  make  sure  your 
crew  know  what  is  to  be  done.  Give  instructions 
clearly,  and  urge  your  crew  to  ask  questions  on 
all  points  that  are  not  clear  to  them.  Be  honest 
in  your  answers.  If  you  do  not  know,  say  so, 
then  find  the  answer  and  inform  your  crew. 

While  the  job  is  underway,  check  from  time 
to  time  to  insure  that  the  work  is  progressing 
satisfactorily.  Determine  if  the  proper  methods, 
materials,  tools,  and  equipment  are  being  used. 
If  crewmembers  are  doing  the  job  wrong,  stop 
the.n,  and  point  out  what  is  being  done  wrong. 
Tht-n  explain  the  correct  procedure  and  check  to 
see  that  it  is  followed, 

NOTE:  When  you  check  the  work  of  your 
crewmembers  try  lo  do  so  in  such  a  way  that 
they  will  feel  that  the  purpose  of  checking  is  to 
teach,  guide,  or  direct,  rather  than  to  criticize  or 
find  fault. 

Make  sure  that  your  crewmembers  take  all 
applicable  safety  precautions  and  wear  safety 
apparel  when  required.  Also  watch  ~  ^r 
hazardous  conditions,  improper  use  of  tools  and 
equipment,  and  unsafe  work  practices  which 
could  cause  accidents  and  possibly  result  in 
injury  to  personnel.  Many  young  persons  ignore 
danger  or  think  a  particular  regulation  is 
unnecessary.  This  can  normally  be  corrected  by 
proper  instruction  and  training. 

When  time  permits,  rotate  crewmembers  on 
various  jobs.  Rotation  gives  them  varied 
experience  and  will  help  insure  your  having 
those  who  can  do  the  work  if  someone  is 
hospitalized,  transferred,  or  goes  on  leave. 

As  a  crew  leader,  you  should  be  able  to  get 
others  to  work  together  in  getting  the  job 


accomplished.  Maintain  an  approachable 
attitude  toward  your  crew  so  that  any 
crewmember  will  feel  free  to  seek  your  advice 
when  in  doubt  about  any  phase  0f  the  work, 
Emotional  balance  is  especially  important;  you 
must  not  panic  before  your  crew,  or  be  unsure 
of  yourself  in  the  face  of  conflict. 

Be  tactful  and  courteous  in  dealing  with 
your  crew,  Never  show  partiality  to  certain 
members  of  the  crew.  Keep  your  crewmembers 
informed  on  matters  which  affect  then* 
personally  or  concern  their  work.  Also  seek  to 
maintain  a  high  level  of  morale,  keeping  in  mind 
that  low  morale  can  have  a  definite  effect  upon 
the  quantity  and  quality  of  their  work. 

As  you  advance  in  rate,  more  and  more  of 
your  time  will  be  spent  in  supervising  others. 
Therefore,  learn  as  much  as  you  can  about  the 
subject  of  supervision.  Study  books  on 
supervision  as  well  as  leadership.  Also  watch 
how  other  supervisors  operate  and  do  not  be 
afraid  to  ASK  QUESTIONS. 

PREPARING  REQUISITIONS 

As  a  crew  leader,  you  should  become 
familiar  with  forms  that  are  used  to  request 
material  or  services  through  the  naval  supply 
system.  Printed  forms  are  available  which 
provide  all  the  necessary  information  for 
physical  transfer  of  the  material  and  accounting 
requirements. 

Two  forms  used  for  ordering  materials  are 
the  Single  Line  Item  Consumption/Management 
Document  (Manual),  NAVSUP  Form  1250  (fig. 
i-l)  and  the  Requisition  and  Invoice/Shipping 
Document,  DD  Form  1 149  (fig.  1*2). 

As  a  crew  leader,  you  are  not  usually 
required  to  make  up  the  entire  NAVSUP  Form 
1250,  however,  you  must  list  the  item's  stock 
number  (when  available),  the  quantity  required, 
and  the  name  or  description  of  each  item 
needed.  This  form  is  turned  in  to  the  expediter 
who  will  check  it  over,  complete  the  rest  of  the 
information  required  and  sign  it.  Then  it  is 
forwarded  to  the  Material  Liaison  Officer  (MLO) 
or  Supply  Department  for  processing. 
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OPTIONAL  ENTRY 


ENTRY,  AS  REQUIRED, 
IF  ITEM  IS  NIS'NC 
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ENTRIES  REQUIRED  IF 
DATA  BLOCK  14  IS  BLANK 


FigutQ  1-1. -Single  Line  Item  Consumption/Management  Document,  NAVSUP  Form  1250, 


17,104 


You  art!  not  likely  to  use  DD  Form  I  I49 
often  since  the  items  most  frequently  ordered 
art  bulk  fuels  and  lubricants.  This  form  is 
limited  to  a  single  page  and  must  contain  no 
more  than  nine  line  items.  It  is  not  necessary  to 
fill  in  ail  the  blocks  of  this  form  when  it  is  used 
as  a  requisition. 

In  ordering  material,  you  will  need  to  know 
about  the  National  Stock  Number  (NSN) 
system.  Information  on  the  NSN  system  and 
other  topics  relating  to  supply  is  given  in 
Military  Requirements  for  Pcttv  Officer  3  &  2, 
NAVEDTRA  1 0056, 

TIMEKEEPING 

In  a  battalion  overseas,  as  well  as  at 
shore-based  activities,  ycur  duties  may  involve 


"the  posting  of  entries  on  tijnecards  for  miliary 
personnel.  Therefore,  you  should  know  the  tjpe 
of  information  called  for  on  timecards  and 
understand  the  importance  of  accuracy  in  labor 
reporting  You  will  find  that  the  labor  reporting 
system  primarily  used  in  Naval  Mobile 
Construction  Battalions  and  the  system 
employed  at  shore-based  activities  are  similar. 

In  order  to  record  and  measure  the  number 
of  man-hours  that  a  unit  spends  on  various 
functions,  a  labor  accounting  system  is 
mandatory.  In  this  system,  labor  utilization  data 
is  collected  daily  in  sufficient  detail  and  in  a  way 
that  enables  the  operations  officer  to  compil*: 
the  data  readily.  This  helps  the  operations 
officer  manage  manpower  resources  and  prepare 
reports  to  higher  authority. 

Although  labor  accounting  systems  may  vary 
slightly  from  one  command  to  another,  the 
system  described  here  can  be  considered  typical. 
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A  unit  must  account  for  all  labor  used  to 
carry  out  its  assignment  so  that  management  can 
figure  the  amount  of  labor  used  on  the  project. 
Labor  costs  are  figured  and  actual  man-hours  arc 
compared  with  previous  estimates  based  on  jobs 
of  a  similar  nature.  When  completed,  this 
information  is  used  by  unit  managers  and  higher 
commands  for  developing  planning  standards. 

The  type  of  labor  performed  must  be  broken 
down  and  reported  by  category,  the  purpose  of 
which  is  to  show  how  labor  has  been  used. 

For  timekeeping  and  labor  reporting 
purposes,  all  labor  is  classified  either  productive 
or  overhead, 

PRODUCTIVE  LABOR  includes  labor  that 
directly  or  indirectly  contributes  to  the 
accomplishment  of  the  units  mission,  including 
construction  operations,  military  operations, 
and  training.  Productive  labor  is  accounted  for 
in  three  categories,  direct  labor,  indirect  labor, 
and  military,  which  is  called  "other"  on  shme 
timekeeping  cards, 

I.  DIRECT  LABOR  includes  labor, 
expended  directly  on  assigned  construction  task* 
either  in  the  field  or  in  the  shop,  winch 
Contributes  directly  to  the  completion  of  an  end 
product*  Direct  labor  must  be  reported 
separately  for  each  assigned  construction  task. 

1  INDIRECT  LABOR  comprises  labor 
required  to  support  construction  operations,  but 
which  docs  not  produce  an  end  product  itself. 

3-  MILITARY  (other)  includes  military 
functions  and  training  necessary  to  support  the 
mission, 

OVERHEAD  LABOR  is  not  considered  to 
be  productive  labor  tn  that  if  does  not 
contribute  directly  or  indirectly  to  the 
completion  of  an  end  product.  It  includes  labor 
that  must  be  performed  regardless  of  the 
assigned  mission. 

During  the  planning  and  scheduling  of  a 
construction  project,  each  phase  of  the  project 
Considered  as  direct  labor  is  given  an  identifying 
code,  usually  by  the  Operations  Department. 
Because  there  are  many  types  of  construction 


projects  involving  different  operations,  codes  for 
direct  labor  reporting  may  vary  from  one 
activity  to  another.  For  example,  ''excavating 
and  setting  forms'*  may  be  assigned  code  R-15, 
'laying  block"  16,  and  "installing  bond 
beams'*  R-17.  You  will  use  direct  labor  codes  in 
reporting  each  hour  spent  by  each  of  your 
ere wm embers  during  each  work  day  on  assigned 
construction  tasks. 

You  will  also  use  codes  to  report  time  spent 
by  crcwme  niters  in  the  following  categories4 
indirect  labor,  military  operations  and  readiness, 
disaster  control  operations,  'training,  and 
overhead  labor.  The  codes  shown  in  figure  1-3 
arc  used  at  most  activities  to  indicate  time  spent 
in  these  categories. 

Your  report  is  submitted  on  a  daily  labor 
distribution  report  form  (timekeeping  card)  like 
the  one  shown  in  figure  \A,  It  immediately 
provides  a  breakdown  by  man-hours  of  the 
activities  in  the  various  labor  codes  for  each 
crewmeinber  for  each  day  on  any  given  project. 
It  is  reviewed  at  the  company  level  by  the  staff 
and  Platoon  Commander  and  then  initialed  by 
the  Company  C  ommander  before  it  is  forwarded 
to  the  Operations  Derailment.  It  is  tabulated  by 
the  Management  Division  of  the  Operations 
Depattment,  along  with  all  of  the  daily  labor 
distribution  reports  received  from  each  company 
and  department  in  Che  un;t.  This  report  is  the 
means  by  which  the  Operations  Officer  analyzes 
the  labor  distribution  of  total  manpower 
resources  for  each  day.  and  as  feeder 
information  for  the  preparation  of  the  monthly 
operations  report,  and  any  other  resource 
reports  required  of  the  unit.  Tins  information 
must  be  accurate  and  timely.  Each  level  m  the 
company  organization  should  review  the  report 
for  an  analysis  of  its  own  internal  construction 
management  and  performance. 


PERSONNEL  READINESS 
CAPABILITY  PROGRAM 

The  Personnel  Readiness  Capability  Program 
(PRCP/  was  developed  for  use  within  the  Naval 
Construction  Force  (NCF).  It  is  designed  to 
provide  crew  leaders   with   information  on 
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PRODUCTIVE  LABOR.  Productive  labor  includes  all  labor  that  directly  contributes  to  the 
accomplishment  of  the  Naval  Mobile  Construction  Battalion*  including  construction  operations 
and  readiness*  disaster  recovery  operations,  and  training, 

DIRECT  LABOR,  This  category  includes  all  labor  expended  directly  on  assigned  construction 
tasks,  either  in  the  field  or  in  the  shop,  and  which  contributes  directly  to  the  completion  of  the 
end  product, 

INDIRECT  LABOR,  This  category  comprises  labor  required  to  support  construction  operations, 
but  which  does  not  produce  in  itself.  Indirect  labor  reporting  codes  are  as  follows, 

X01  Construction  Equipment  Maintenance,    X04  Project  Expediting     X07  Tool  and  Spare 

Repair  and  Records  (Shop  Planners)  Parts  Issue 

X02  Operation  and  Engineering  X05  Location  Moving       X08  Other 

X03  Project  Supervision  X06  Project  Material 

Support 

MILITARY  OPERATION'S  AND  READINESS,  This  category  comprise*  all  manpower  expended 
in  actual  military  operations*  unit  embarkation*  and  planning  and  preparations  necessary  to 
insure  unit  military  and  mobility  readiness-  Reporting  codes  are  as  follows: 

MOl  Military  Operations     M04  Unit  Movement  M07  Military  Administrative    M09  Other 

M02  Military  Security        M05  Mobility  Preparation  Functions 
M03  Embarkation  M06  Contingency  M08  Mobility  &  Defense 

Exercise 

DISASTER  CONTROL  OPERATIONS 

D01  Disaster  Control  Operations  D02  Disaster  Control  Exercise 

TRAINING.  This  category  includes  attendance  at  service  schools,  factory,  and  industrial  training 
courses,  fleet  type  training,  and  short  courses,  military  trainin*  and  organized  training  vonducted 
within  the  battalion.  Reporting  codes  are  as  follows: 

T01  Technical  Training  T03  Disaster  Control  Training       TC5  Safety  Training 

T02  Military  Training  T04  Leadership  Training  T06  Training  Adminis- 

tration 

OVERHEAD  LABOR*  This  category  includes  labor  which  must  be  performed  regardless  of 
whether  a  mission  is  assigned,  and  which  does  not  contribute  to  the  assigned  mission.  Reporting 
codes  are  as  follows: 

Y01  Administrative  &  Personnel  Y06  Camp  Upkeep  &  Repairs     YlO  Personal 

Y02  Medical  &  Dental  Department  Y07  Security  Affairs 

Y03  Navy  Exchange  and  Special  Services     Y08  Leave &  Liberty  Yll  Lost  Time 

Y04  Supply  &  Disbursing  Y09  Sickcall,  Dental  &  Y12  TAD  not 

Y05  Commissary  Hospitalization  for  unit 

Y13  Other 
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TYPICAL  TIMEKEEPING  CARD 
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*  Figure  7*4,— Typical  timekeeping  card. 


personnel  to  increase  the  crew  leaders1 
capabilities  in  planning,  decision  making,  and 
control, 

PRCP  provides  for  collecting  information 
about  the  readiness  condition  of  an  NCF  unit 
and  comparing  this  condition  to  established 
minimum  skill  requirements  or  capabilities.  This 
enables  supervisors  to  determine  whether  or  not 
the  unit's  personnel  are  skilled  or  capable 
enough  to  meet  contingency  or  mobilization 
requirements.  When  it  is  apparent  that  actual 
capabilities  do  not  equal  those  required, 
personnel  can  be  scheduled  for  training  in  the 
needed  skills. 


Two  important  factors  in  PRCP  are  the 
stated  skill  requirements  and  an  -accurate 
inventory  of  existing  skills.  The  PRCP  skill 
inventories  are  derived  mainly  from  interviews 
of  personnel.  A  special  publication,  PRCP 
Interviewer's  Standards  and  Guides,  has  been 
prepared  to  assist  personnel  in  conducting 
interviews.  It  contains  a  detailed  explanation  of 
every  skill  identified  in  the  PRCP.  SkilJ 
definitions  are  now  standard  throughout  the 
entire  Naval  Construction  Force,  and  any 
person,  regardless  of  duty  assignment,  can  turn 
to  them  to  find  what  is  expected  in  a  given  skill 
category  and  skill  level. 
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When  you  become  a  crew  leader,  it  will  be 
your  responsibility  to  your  crewmembers  to 
provide  them  with  the  opportunity  to  learn  new 
skills.  This  may  be  done  through  training  or  by 
assigning  your  crew  to  various  types  of  work 
whenever  possible.  You  and  your  crewmembers 
can  gain  a  higher  level  by  determining  the 
training  requirements  needed  and  satisfying 
them.  Then  you  report  these  newly  acquired 
skills  to  the  PROP  coordinator  who  adds  them 
to  your  other  skills  and  those  of  each 
crewmember.  It  [b  youi  responsibility  to  see  that 
this  skill  information  is  kept  current  and 
accurate. 


SAFETY  PROGRAM 

As  a  petty  officer,  you  must  be  familiar  with 
the  safety  program  at  your  activity.  You  cannot 
function  effectively  as  a  petty  officer  unless  you 
are  aware  of  how  you  fit  into  this  program.  You 
should  know  who  (or  what  group)  arbitrates  and 
establishes  the  safety  policies  and  procedures 
you  must  follow.  You  should  also  know  who 
provides  guidelines  for  safety  training  and 
supervision.  Every  Naval  Mobile  Constat  ion 
Battalion  (NMCB)  is  required  to  implement  a 
formal  safety  organization, 

SAFETY  ORGANIZATION 

The  NMCB*s  safety  organization  provides  fur 
(1)  the  establishment  of  safety  policy  dnd  (2) 
control  and  reporting.  As  illustrated  in  figure 
1-5,  the  Battalion  Safety  Policy  Organization  is 
made  up  of  the  policy  committee,  supervisors' 
committed*  and  equipment,  shop,  and  crew 
commits.  The  SAFETY  POLICY  COM- 
MITPiJE  is  presided  over  by  the  executive 
officer.  Its  primary  purpose  is  to  develop  safety 
rules  and  policy  for  the  battalion.  This 
committee  reports  to  the  commanding  officer, 
who  must  approve  all  changes  in  safety  policy. 

The  SAFETY  SUPERVISORS'  COM- 
MITTEE is  presided  over  by  the  battalions 
safety  chief  and  include  safety  supervisors 
assigned  by  company  commanders,  project 
off-cers,  or  officers  in  charge  of  detail  This 
committee  provides  a  convenient  forum  for 


work  procedures,  safe  practices,  and  safety 
suggestions.  Its  recommendations  are  sent  to  the 
policy  committee. 

The  EQUIPMENT,  SHOP,  AND  CREW 
COMMITTEES  are  assigned  as  required.  Each 
committee  is  usually  presided  over  by  the 
company  or  project  safety  supervisor.  Its  main 
objeitive  is  to  propose  change*  in  the  battalion's 
safety  policy  in  order  to  eliminate  unsafe 
working  conditions  or  prevent  unsafe  acts.  These 
committees  are  your  contact  for  recommending 
changes  in  safety  matters.  In  particular,  the 
equipment  committee  reviews  atl  vehicle 
accident  reports,  determines  the  cause  of  each 
accident,  and  recommends  corrective  action.  As 
a  crew  leader,  you  can  expect  to  serve  as  a 
member  of  the  equipment,  shop,  or  crew  safety 
committee.  Each  committee  forwards  reports 
and  recommendations  to  the  safety  supervisors* 
committee, 

SAFETY  DUTIES 

Figure  1-5  also  shows  the  Battalion  Safety 
Control  and  Reporting  Organization,  As  a  crew 
leader,  you  will  report  to  the  safety  supervisor, 
who  directs  the  safety  program  of  a  project. 
Duties  of  the  safety  supervisor  include 
indoctnnating  new  crewmembers,  compiling 
accident  statistics  for  the  project,  reviewing 
accident  reports  submitted  to  the  Safety  Office, 
and  comparing  safety  performances  of  all  crews. 

The  crew  leader  js  responsible  for  carrying 
out  inifi;  working  practices  under  the  direction  of 
the  safety  supervisor  or  others  in  positions  of 
authority  (project  chief,  project  officer,  safety 
chief,  safety  officer).  You,  the  crew  leader,  must 
be  sure  each  crewmember  is  thoroughly  familiar 
,  with  these  working  practices,  has  a  general 
understanding  of  pertinent  safety  regulation^, 
and  makes  proper  use  of  protective  clothing  and 
safety  equipment.  Furthermore,  be  ready  at  all 
times  to  correct  every  unsafe  working  practice 
you  observe  and  report  it  immediately  to  the 
safety  supervisor  or  other  person  in  charge. 
When  an  unsafe  condition  exists,  they  have  the 
power  to  stop  work  on  the  project  until  the 
condition  is  corrected. 
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BATTALION  SAFETY  POLICY  ORGANIZATION 
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Figure  1*5. -The  NMCB  safety  organization  chart. 
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in  case  of  an  accident,  you  must  make  sure 
the  Injured  get  proper  medical  care  as  quickly  as 
possible.  1  nvestigate  each  accident  involving 
crewmembers  to  determine  its  cause.  Remove  or 
permanently  correct  defective  tools,  materials, 
and  machines  as  well  as  environmental 
conditions  that  contribute  to  the  cause  of  an 
accident.  Afterward;,  submit  the  written  reports 
that  are  require^). 

SAFETY  TRAINING 

New  methods  and  procedures  for  safely 
maintaining  and  operating  equipment  are 
constantly  being  developed.  Therefore,  you 
must  keep  abreast  of  the  latest  in  maintenance 
and  operation  safety  and  then  pass  it  on  to  your 
crewmembers.  Keep  them  informed  by  holding 
so-called  standup  safety  meetings  before  the 
day's  work  starts.  Although  responsible  for  tht 
actual  conduct  of  each  meeting,  you  usually  pass 
on  information  that  the  safety  supervisor  has 
organized  and  assembled.  Information  (such  as 
the  type  of  safety  equipment  to  use,  where  to 
obtain  it,  and  how  to  use  it)  is  often  the  result 
of  safety  suggestions  received  by  the  safety 
supervisors'  committee.  Wy  not  encourage  your 
crewmembers  to  submit  their  ideas  or 
suggestions  to  thiswmmittee? 

At  times,  you  may  hold  a  group  discussion 
to  pass  the  word  on  specific  accidents  that  are  to 
be  guarded  against  or  may  have  happened  on  the 
Job.  Se  sure  to  give  plenty  of  thought  to  what 
you  are  going  to  say  beforehand.  Make  the 
discussion  interesting  and  urge  the  crew  to 
participate.  The  final  result  should  be  a  group 
conclusion  as  to  how  the  specific  accidents 
could  have  been  prevented. 

Your  standup  safety  meetings  also  give  you 
the  chance  to  discuss  matters  perUining  to 
prestart  checks,  operation,  or  maintenance  of 
automotive  vehicles  assigned  to  a  project.  Since 
th  ese  vehicles  are  used  for  transporting 
crewmembers  as  well  as  cargo,  it  is  important  to 
emphasize  how  the  prestart  checks  are  to  be 
made  and  how  the  vehicles  are  to  be  cared  for. 


Likewise,  you  can  hold  a  standup  safety 
meeting  to  sol\e  safety  problems  th^t  develop 
from  a  new  procedure  for  starting  a  particular 
piece  of  equipment  just  being  introduced.  In  this 
case,  you  can  demonstrate  the  safe  starting 
procedure  for  the  equipment,  and  then  have 
your  crewmembers  practice  the  procedure. 

However,  there  are  all  too  many  facts  to 
remember  and  operating  procedures  to  follow 
because  of  the  variety  of  vehicles  that  may  be 
assigned  to  a  project.  It  will  help  to  know  where 
to  look  for  these  facts  and  procedures.  By 
referring  to  chapter  2  of  RTM/NRCC 
Const ructionmatty  you  can  leam  m'jch  about 
vehicle  prestart  checks  as  well  as  vehicle  use 
forms.  You  can  get  general  information  about 
c  argo  weight  distribution ,  troubleshooting, 
general  operation,  and  vehicle  safety  by  referring 
to  chapter  5  of  RTM/NRCC  Equipment 
Operator  S  &  2,  But  for  specific  information  on 
prestart  checks,  operation,  and  maintenance  of 
each  vehicle  assigned,  you  should  refer  to  the 
manufacturer's  opera  tors/  maintenance  manuals. 

In  addition  to  standup  safety  meetings,  you 
are  also  concerned  with  day-to-day  instruction 
and  on-the-job  training.  Although  it  is  beyond 
the  scope  of  this  manual  to  describe  teaching 
methods,  a  few  words  on  your  approach  to 
safety  and  safety  training  at  the  crew  level  are 
appropriate.  Getting  your  crew  to  work  safely, 
like  most  other  supervisory  functions,  is 
essentially  a  matter  of  leadership.  Therefore, 
don't  overlook  the  power  of  personal  example  in 
leading  and  teaching  your  crewmembers.  Soon 
you  will  discover  that  they  are  quick  to  detect 
differences  between  what  you  say  and  what  you 
do.  It  is  unreasonable  to  expect  them  to  measure 
up  to  a  standard  of  safe  conduct  which  you, 
yourself,  do  not.  As  a  crew  leader,  therefore, 
you  must  make  visible  at  all  times yourgenuine 
concern  for  the  safety  of  your  crrw.  Although 
not  the  only  technique  you  can  apply, 
leadership  by  example  has  proven  to  be  one  of 
the  most  practical  of  those  available  to  you. 
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CHAPTER  2 


DRAWINGS  AND  SPECIFICATIONS 


Having  worked  as  a  crew  member  on  various 
building  projects,  you  probably  did  your  tasks 
without  thinking  much  about  what  it  takes  to 
lay  out  structures  so  they  will  conform  to  their 
location,  size,  shape,  and  other  building  features. 
In  this  chapter,  you  will  team  how  to  extract 
information  from  drawings  and  specifications 
that  will  enable  you  to  perform  assigned  tasks 
and  contribute  to  the  completion  of  building 
projects.  Also,  you  will  be  shown  how  to  draw* 
read,  and  work  from  simple  shop  drawings  and 
sketches.  Information  is  given  on  the  conversion 
of  standard  weights  and  measures  to  the  metric 
system,  and  the  fundamentals  of  mathematics  as 
they  apply  to  building  projects. 


STRUCTURAL  DESIGN 

From  the  Builder's  standpoint*  you  must 
realize  that  .building  designs  and  construction 
methods  depend  on  many  factors  an^  that  no 
two  building  projects  can  be  treated  alike. 
However,  the  factors  usually  considered  before  % 
structure  is  designed  are  its  geographical  location 
and  the  availability  of  construction  materials.  I: 
is  easy  to  see  why  the  geographical  location  is 
important  to  the  design  of  a  structure,  especially 
its  main  parts.  When  located  in  a  temperate 
zone,  for  example,  the  roof  of  a  structure  must 
be  sturdy  enough  not  to  collapse  under  the 
weight  of  snow  and  ice.  Also,  the  foundation 
walls  will  have  to  extend  below  the  frostline  to 
guard  against  the  effects  of  freezing  and 
thawing.  In  the  tropics,  a  structure  will  have  a 
flat  or  nearly  flat  roof  and  be  built  on  a  concrete 
slab  or  have  shallow  foundation  walls.  Likewise, 
the  availability  of  construction  materials  can 


influence  the  design  of  a  structure.  This  happens 
when  material  is  scarce  in  a  gsographical 
locanon  and  the  costs  of  shipping  it  in  are  too 
high.  In  such  a  case,  particularly  overseas,  the 
structure  is  likely  to  be  built  with  materials 
purchased  locally.  In  turn,  this  could  have  an 
effect  on  the  way  construction  materials  arc 
used  since  it  means  working  with  foreign 
drawings  and  metric  units  of  weights  and 
measures. 


STRUCTURAL  MEMBERS 

By  comparing  the  designs  of  the  two 
structures  shown  in  figures  2-1  and  2-2,  you  wil! 
notice  that  each  is  designed  according  to  its 
function.  By  referring  to  these  figures  often,  you 
will  learn  the  terminology  for  common 
structural  members.  Depending  on  the  use  of  the 
structure,  you  may  use  any  combination  of 
structural  members. 

The  main  parts  of  a  structure  are  the  LOAl> 
BEARING  STRUCTURAL  MEMBERS,  which 
support  and  transfer  the  loads  on  the  structure 
while  remaining  equal  to  each  other.  The  places 
where  members  are  connected  to  other  members 
arc  called  JOINTS,  The  sum  total  of  the  load 
supported  by  the  structural  members  at  a 
particular  instant  is  equal  to  the  toial  DEAD 
LOAD  plus  the  total  LIVE  LOAD, 

The  total  dead  load  is  the  total  weight  of  the 
structure,  which  gradually  increases  as  the 
structure  rises,  and  remains  constant  once  it  is 
completed.  The  total  live  load  is  the  total  weight 
of  movable  objects  (such  as  people,  furniture, 
bridge  traffic  or  the  like)  which  the  structure 
happens  to  be  supporting  at  a  particular  instant. 
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Figure  2-1.— Typical  llghtfreme  contraction. 


The  live  loads  in  a  structure  are  transmitted 
through  the  various  load'bearing  structural 
members  to  the  ultimate  support  of  the  earth  as 
follows.  Immediate  or  direct  support  for  the  live 
loads  is  provided  by  HORIZONTAL  members, 
these  are  in  turn  supported  by  VERTICAL 
members;  which  in  turn  are  supported  by 
FOUNDATIONS  and/or  FOOTINGS;  and  these 
are  then  supported  by  the  earth-  The  ability  of 
the  earth  to  support  a  load  is  called  the  SOIL 
BEARING  CAPACITY.  It  varies  considerably 
with  different  types  of  soil,  and  aso'l  of  a  given 
bearing  capacity  will  bear  a  heavier  load  ^  a 


wide  fourjation  or  footing  than  it  will  on  a 
narrow  one.  Figure  2-1  illustrates  both 
horizomal  and  vertical  members  of  a  typical 
light'frame  structure.  The  weight  of  the  metal 
roof  is  distributed  over  the  top  supporting 
members  (purlins  and  rafters)  and  transferred 
through  all  joining  members  to  the  soil. 

VERTICAL  STRUCTURAL 
MEMBERS 

Ip  heavy  construction  vertical  structural 
members   are   high   strength   columns  (fig. 


2-2 
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Figure  2-2*— Typical  concrete  masonry  and  jteel  strutftire. 


2-2);  they  are  called  PILARS  in  large  buddings* 
Outside-wall  columns  and  jnside  bottom-floor 
columns  usually  rest  directly  on  footings* 
Outside-wall  columns  usually  extend  from  the 
footing  or  foundation  to  the  roof  line*  Inside 
bottom-floor  columns  exten  d  upward  from 
footings  or  foundations  to  the  horizontal 
members  which  in  turn  support  the  first  floor  or 
roof  as  shown  in  figure  2-2.  Upper-floor  columns 
usually  are  located  directly  over  lower*fioor 
columns. 

A  PIER  in  building  construction  might  be 
called  a  short  column.  It  may  rest  directly  on  a 
footing  as  shown  in  figure  2-3,  or  it  may  be 
simply  set  or  driven  into  the  ground*  Building 


piers  usually  support  the  lowermost 
structural  members. 
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En  bridge  construction  a  pier  is  a  vertical 
member  which  provides  intermediate  support 
for  the  bridge  superstructure. 

The  chief  vertical  structural  members  in  light 
frame  construction  are  called  STUDS  (figs,  2-1 
and  2*3).  They  are  supported  by  horizontal 
members  called  SILLS  or  SOLE  PLATES  and 
are  topped  by  horizontal  members  called  TOP 
PLATES  or  RAFTER  PLATES,  as  shown  in 
figure  2-1,  CORNER  POSTS  are  enlarged  studs, 
as  it  were,  located  at  the  building  comer.  In 
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figure  2-3,- Exploded  view  of  a  typical  light-frame  houw. 
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early  FULL-FRAME  construction  a  comer  post 
was  usually  a  solid  piece  of  larger  timber.  In 
most  modem  construction  BUILT-UP  comer 
posts  are  used  which  consist  of  various  members 
of  ordinary  studs,  nailed  together  in  various 
ways. 


HORIZONTAL  STRUCTURAL 
MEMBERS 

In  technical  terminology,  any  horizontal 
loadbearing  structural  member  which  spans  a 
space,  and  which  is  supported  at  both  ends,  is 
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considered  a  BEAM.  A  member  wliicli  is  FIXED 
at  one  end  only  is  called  a  CANTILEVER,  Steel 
members  which  consist  of  solid  piecls  of  the 
regular  structural  steel  are  referred  to  as 
STRUCTURAL  SHAPES,  (A  GIRDER  is  shown 
in  figure  2-2j  Other  prefabricated  open  web 
structural-steel  shapes  are  called  BAR  JOISTS 
(fig.  2-2). 

Horizontal  structural  mem  ben;  which 
support  the  ends  of  floor  beams  or  joists  in 
wood  frame  construction  are  called  SILLS, 
GIRTS,  or  GIRDERS,  depending  on  the  type  of 
framing  being  done  and  the  location  of  the 
member  in  the  structure,  (See  figs.  2-1,  2-2,  and 
2-3  )  Horizontal  members  which  support  studs 
are  called  SILLS  or  SOLE  PLATES,  depending 
on  the  type  of  framing.  Horizontal  members 
which  support  the  wall-ends  of  rafters  arc  called 
RAFTER  PLATES.  Horizontal  members  which" 
assume  the  weight  of  concrete  or  masonry  walls 
above  door  and  window  openings  are  called 
LINTELS,  as  shown  in  figure  2-2, 

The  horizontal  or  inclined  members  which 
provide  support  to  a  roof  are  called  RAFTERS. 
(See  fig-  2-1.)  The  lengthwise  (right  angle  to  the 
rafters)  member  which  supports  the  peak-ends 
of  the  rafters  in  a  roof  is  Called  the  RIDGE.  The 
ridg*1  may  be  called  a  ridge  board,  the  ridge 
piece,  or  the  ridge  pole.  Lengthwise  members 
other  than  ridges  are  called  PURLINS,  (See  fig, 
2-1.)  In  wood  frame  construction  the  wall  ends 
of  rafters  are  supported  on  horizontal  memoers 
called  RAFTER  PLATES,  which  are  in  turn 
supported  by  the  outside  wall  studs.  In  concrete 
or  masonry  wall  construction*  the  wall  ends  of 
rafters  may  be  anchored  directly  on  the  walls,  or 
on  plates  bolted  to  the  walls. 

A  beam  of  given  strength,  without 
intermediate  supports  below,  can  support  *i 
given  load  ove*  only  a  certain  maximum  span.  It 
the  span  is  wider  than  this  maximum, 
intermediate  supports,  such  as  a  column  must  be 
provided  for  the  beam.  Sometimes  it  is  not 
feasible  or  possible  to  install  intermediate 
supports.  When  such  is  the  case,  a  TRUSS  may 
be  used  instead  of  a  beam. 

A  beam  consists  of  a  single  horizontal 
member   A  truss*  however,      a  framework, 


consisting  of  two  horizontal  (or  nearly 
horizontal)  members,  joined  together  by  a 
number  of  vertical  and/or  inclined  members  <fi&- 
2-3).  The  horizontal  members  are  called  the 
UPPER  and  LOWER  CHORDS:  the  vertical 
?nd/or  inclined  members  are  ca'led  the  WEB 
MEMBERS. 


TYPES  OF  DRAWINGS 

The  building  of  any  structure  is  described  by 
a  set  of  related  drawings  that  give  the  Builder  a 
complete  sequential  graphic  description  of  each 
phase  of  the  construction  process.  In  most  cases, 
a  set  of  drawings  begins  by  showing  the  location, 
boundaries,  contours,  and  outstanding  physical 
features  of  the  construction  site  and  its 
adjoining  areas.  Succeeding  drawings  may  give 
instructions  tor  the  excavation  and  disposition 
of  existing  ground:  erection  of  the  foundations 
and  superstructure,  installation  of  utilities  which 
includes  plumbing,  heating,  lighting,  air-con- 
ditioning.  interior  and  exterior  finishes,  and 
whatever  else  is  required  to  complete  the 
structure. 

The  architect  and  the  engineer,  working 
together,  decide  upon  the  materials  to  be  used  m 
the  structure  and  the  constiuct;on  method* 
wh  ich  a  re  -to  be  fol  lowed.  The  engi  neer 
determines  the  loads  which  supporting  members 
will  carry  and  the  strength  qualities  the  members 
must  have  to  bear  the  loads.  The  engineer  ako 
designs  the  mechanical  systems  of  the  structure* 
such  as  the  lighting,  heating*  and  plumbing  sys- 
tems. The  end-result  is  the  preparation  of  archi- 
tectural and  engineering  DESIGN  SKETCHES. 
The  purpose  of  these  sketches  is  to  guide 
draftsmen  in  the  preparation  of  CONSTRUC- 
TION DRAWINGS, 


CONSTRUCTION  DRAWINGS 


Generally,  construction  (workingj  drawings 
furnish  enough  information  for  the  Builder  to 
complete  an  entire  project.  Normally,  they 
incorporate  all  three  main  groups  of  drawings. 
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the  architectural,  electrical,  and  mechanical.  In 
drawings  for  simple  struciures,  this  grouping 
may  be  hard  to  discern,  because  the  same  single 
drawing  inay  contain  both  the  electrical  and 
mechanical  layouts.  In  complicated  structures, 
combination  of  layouts  are  not  possible  because 
of  overcrowding!  In  this  case,  the  floor  plan  may 
be  traced  over  and  over  for  drawings  for  the 
electrical  and  mechanical  layouts. 

However,  if  any  one  of  the  three  mam 
groups  of  drawings  furnish  enough  information 
for  the  tradesman  to  complete  a  project,  it  is  to 
be  considered  a  construction  drawing.  Normally, 
construction  drawings  will  include  the  detail 
drawings,  assembly  drawings,  bill  of  materials, 
and  the  specifications. 

A  detail  drawing  shows  a  particular  item  on 
a  larger  scale  than  that  of  the  general  drawing  in 
which  the  item  appears-or  it  may  show  an  item 
too  small  to  appear  at  all  on  a  general  drawing. 

An  assembly  drawing  is  either  an  exterior  or 
sectional  view  of  an  object  showing  the  details  in 
the  proper  relationship  to  one  another.  Usually 
assembly  drawings  are  drawn  to  a  smaller  scale 
from  the  dimensions  of  the  detail  drawings, 
which  provide  a  check  on  the  accuracy  of  the 
design  of  the  detail  drawings  and  often  discloses 
errors. 

Depending  on  the  space  available  on  the 
drawing  sheet,  the  bill  of  materials  may  be 
incorporated  in  the  drawing;  otherwise,  it  is 
listed  on  a  separate  sheet.  The  bill  of  materials 
lists  the  quantities,  types,  sizes,  and  units  of  the 
materials  required  to  construct'  the  object 
presented  in  the  drawing. 

The  specifications  are  normally  found  on  a 
separate  sheet  and  convey  a  complete 
description  of  the  work  to  be  done  in  a  brief* 
clear,  and  concise  manner.  They  will  state  the 
actual  minimum  needs  of  the  government  and  all 
other  known  conditions,  directly  and  explicitly. 

Construction  drawings  consist  mostly  of 
ORTHOGRAPHIC  views  prepared  by  draftsmen 
employing  the  standard  technical  drawing 
techniques,  symbols,  and  other  designations,  as 
explained  m  MIL-STD^I4,  MIL-STD-H-K  and 


MIL-STD-IOOB.  Figure  2-4  illustrates  the 
conventional  symbols  for  the  more  common 
types  of  material  used  on  structures,  A  thorough 
study  of  the  symbols  should  be  made  before 
proceeding  further  with  this  chapter.  Figure  2-5 
shows  the  more  cemmon  symbols  used  for  doors 
and  windows,  Figures  2-6,  2-7,  and  2-8,  show 
common  plumbing,  heating,  and  electrical 
symbols  respectively.  General  drawings  consist 
of  plans  (views  from  above)  and  elevations  (side 
or  front  views),  drawn  on  a  relatively  small  scale. 
The  first  section  of  the  construction  drawings 
consists  of  the  plot  or  site  plans,  foundation 
plans,  floor  plans,  and  framing  plans. 


Plot  Plans 


A  Plot  plan  (fig,  2-9)  shows  the  contours, 
boundaries,  roads,  utilities,  trees,  structures,  and 
any  other  significant  physical  feature:*  on  or  near 
the  construction  sile.  The  locations  of  proposed 
structures  are  shown  in  outline.  The  plan  shows 
comer  location*  with  reference  to  reference  lines 
shown  on  the  plot  and  which  can  be  located  at 
the  sue.  Thus,  the  plot  plan  furnishes  the 
essentia!  Jala  for  laying  out  the  building. 

By  showing  both  existing  and  finish 
contours,  it  furnishes  essential  data  for  the 
graders, 


Foundation  Hons 


A  foundation  plan  (fig.  2-10)  is  a  plan  view 
of  a  structure  as  it  would  look  if  projected  onto 
a  horizontal  plane  passed  through  the  structure 
slightly  below  the  level  of  the  top  of  the 
foundation  wall.  The  plan  in  figure  2-10  shows 
that  the  main  foundation  will  consist  of  12  in, 
and  8  in.  concrete  masonry  unit  (CMU's)  walls 
measuring  28  ft  lengthwise  and  22  ft  crosswise. 
The  lower  portion  of  each  lengthwise  section  of 
wall  will  be  12  in,  thick,  to  provide  a  concrete 
ledge  4  in,  wide, 

A  girder  mnnihg  through  the  center  of  the 
building  will  be  supponed  at  the  ends  by  two 
4- by  12-m,  concrete  pilasten  which  will  butt 
against  the  end  foundation  walls.  Intermediate 
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Figure  2-5, -Architectural  symbols  (doors  and  windows). 
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Figure  2-6,-Common  plumbing  symbols. 
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Figure  2-7,-Hftffting  tymbolt. 
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support  for  the  girder  wilt  be  provided  by  two 
12-  by  12-in.  concrete  piers,  each  supported  on 
18- by  18-in.  spread  footings  lOin,  deep.  The 
dotted  lines  around  the  foundation  walls 
indicate  that  these  walls  will  also  rest  on  spread 
footings. 

Floor  Plans 

Figure  2-11  shows  the  manner  in  which  a 
floor  plan  is  developed.  An  architectural  or 


structural  floor  plan  shows  the  structural 
characteristics  of  the  building  at  the  level  of  the 
plane  of  projection,  A  mechanical  floor  plan 
shows  the  plumbing  and  heating  systems  and 
any  other  mechanical  appurtenances  other  than 
those  which  are  electrical  An  electrical  floor 
plan  shows  the  electrical  lighting  system  and  any 
other  systems  which  are  electrical. 

Figure  2-12  shows  an  architectural  floor 
plan.  It  shows  the  lengths,  thicknesses,  and 
character  of  the  outside  walls  and  partitions  at 
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Figure  2*11, -Floor  plan  development* 


the  particular  floor  level.  It  also  shows  the 
number,  dimensions,  and  arrangement  of  the 
rooms,  the  widths  and  locations  of  doors  and 
windows,  and  the  locations  and  character  of 
bathroom,  kitchen,  and  other  utility  features. 
Study  figure  2-I2  carefully.  In  dimensioning 
floor  plans,  it  is  very  important  to  check  the 
overall  dimension  against  the  sum  of  the  partial 
dimensions  of  each  part  of  the  structure. 


building*  The  scheduf^shows  the  dimensions  of 
the  finished  opening  and  the  character  and 
dimensions  of  the  lintel  for  each  window.  For 
window  A,  for  example,  the  lintel  will  consist  of 
an  angle  combined  with  a  channel,  for  each  of 
the  other  windows  the  lintel  will  consist  of  two 
angles.  The  schedule  indicates  that  the  sash  will 
be  metal  casement  sash.  The  dotted  lines  on  the 
elevations  show  how  each  section  of  sash  will 
swing. 


Elevations 


The  front,  rear,  and  sides  of  a  structure,  as 
they  would  appear  projected  on  vertical  planes, 
are  shown  in  elevations.  Elevations  for  a  small 
building  are  shown  in  figure  2-13,  They  show 
that  the  wall  surfaces  of  this  house  will  consist 
of  brick  and  roof  covering  of  composition 
shingles.  The  top  of  the  rafter  plate  will  be 
8  ft  2  i/4in,  above  the  level  of  the  finished  first 
floor,  and  the  tops  of  the  finished  door  and 
window  openings  7  ft  1-3/4  in,  above  the  same 
level.  The  roof  will  be  a  gable  roof  and  will  have 
4  units  of  rise  for  eve  ry  1 2. 

Each  window  shown  in  the  elevations  is 
identified  by  a  capital  letter.  Figure  2-14  shows 
a  window  schedule  applying  to  the  same 


Framing  Plans 


Framing  plans  show  the  size,  number,  and 
location  of  the  structural  members  (steel  or 
wood)  constituting  the  building  fram  ework. 
Separate  framing  plans  may  be  drawn  for  the 
floors,  the  walls,  and  the  roof.  The  floor  framing 
plan  must  specify  the  sizes  and  spacing  of  joists, 
girders,  and  columns  used  to  support  the  floor. 
Detail  drawings  must  be  added,  if  necessary,  to 
diow  the  methods  of  anchoring  joists  and  girders 
to  the  columns  and  foundation  walls  or  footings. 
Wall  framing  plans  show  the  location  and 
method  of  framing  openings  and  ceiling  heights 
so  that  studs  and  posts  can  be  cut.  Roof  framing 
plans  show  the  construction  of  the  rafters  used 
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Figure  2-12.-Floor  plan. 
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4S.51S 

Figure  2-13.-Bevatiom. 


to  span  the  building  and  support  the  roof  Size, 
spacing,  roof  slope,  and  all  details  arc  shown. 

FLOOR* -Framing  plans  for  floors  are 
basically  plan  views  o£  the  girders  and  joists.  The 
unbroken  double-line  symbol  is  used  to  indicate 
joists,  which  are  drawn  in  the  positions  they  will 
occupy  in  the  completed  building.  Double 
framing  around  openings  and  beneath  bathroom 


5tH£QUIX  FOK  METAL  CAStutHJ  SASH 

SYMBOL 

UHT£L 

A 

B 

z-r-r  x  4'-z&* 

C 
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O 

JL  ■ 

Jl  - 

45.519 

Figure  2- 14. -Window  *chedul«  for  building  shown  In 
figure  2-13. 


fixtures  is  shown  where  used.  Figure  2-1 5  shows 
the  manner  of  presenting  floor  framing  plans. 

1.  Bridging  is  aiso  shown  by  a  doubleOine 
s>mbol  wiueh  runs  perpendicular  to  the  joists. 
The  number  of  rows  of  cross  bridging  is 
controlled  by  the  span  of  the  joist,  they  should 
not  be  placed  more  than  7  or  8  ft  apart.  A  14-ft 
span  needs  only  one  row  of  bridging,  but  a  16-ft 
span  needs  two  rows. 

2.  Notes  identify  floor  openings,  bridging, 
and  girts  or  plates.  Use  nominal  sizes  in 
specifying  lumber. 

3.  Dimensions  need  not  be  given  between 
joists.  Such  information  is  given  along  with 
notes.  For  example,  1"  x  6"  joists  @  2'*0"  c.c, 
indicates  that  the  joists  are  to  be  spaced  at 
intervals  of  2ft0in,  from  center  to  center. 
Lengths  may  not  be  indicated  in  framing  plans, 
the    overall    building    dimensions    and  the 
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Figure  2*15*—  Floor  framing  pf an, 


dimensions  for  each  bay  or  distances  between 
columns  or  posts  provide  *uch  data* 

ROOF, -Framing  plans  for  roofs  are  drawn 
in  the  same  manner  as  floor  framing  plans,  A 
Builder  should  visualize  the  plan  as  looking 
down  on  the  roof  before  any  of  the 
x>fing  material  (sheathing)  has  been  added. 
Rafters  are  shown  in  the  same  manner  as 
joists. 


Sections 

SECTIONAL  VIEWS,  or  SECTIONS,  pro- 
vide important  information  as  to  height, 
materials*  fastening  and  support  systems,  and 
concealed  features.  They  show  how  a  structure 
looks  when  cut  vertically  by  a  cutting  plane.  The 
cutting  plane  is  not  necessarily  continuous,  but, 
as  with  the  horizontal  cutting  plane  in  building 
plans,  may  he  staggered  to  include  as  much 
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PERSPECTIVE  VIEW  SECTION  A-A 

TYPfCAL  SMALL  BUILOINO  SHOWING  CUTTINO  PLANE  A-A  AND  SECTION 
DEVELOPED  FROM  THE  CUTTINO  PLANE 

45.520 

Figure  2-16,— Development  of  a  section  view. 


construction  information  as  possible.  Like 
elevations,  sectional  views  are  vertical 
projections.  Being  detail  drawings,  they  are 
drawn  to  large  scale.  This  facilitates  reading  and 
provides  information  that  cannot  be  given  on 
elevation  or  plan  views.  Sections  are  classified  as 
TYPICAL  and  SPECIFIC  Figure  2-16  shows  the 
initial  development  of  a  section.  A  typical 
section  is  illustrated  in  figure  2-17. 

Typical  sections  represent  the  average 
condition  throughout  a  structure  and  are  used 
when  construction  features  are  repeated  many 
times.  Figure  2-i  7  shows  wall  section  A-A  of  the 
foundation  plan  in  figure  2-10,  It  shows  the 
construction  details  which  are  repeated  at 
regular  intervals  throughout  the  building.  Study 
figure  2-17  very  closely,  You  can  see  that  it  gives 
a  great  deal  of  information  that  is  necessary  for 
those  performing  the  construction  of  the 
building. 

The  foundation  plan  shown  in  figure  2-10 
shows  that  the  main  foundation  of  this  structure 
will  consist  of  a  22-  by  28*ft  concrete  block 
rectangle.  Figure  2-17,  which  is  section  A-A  of 
the  foundation  plan,  shows  that  the  front  and 
rear  portion  of  the  foundation  (28  ft 
measurements)  are  made  of  12*  by  8*  by  16*in, 
CMlfs  centered  on  a  10-by24-in,  concrete 
footing  to  an  unspecified  height.  These  are 
followed  by  8  in.  CMlTs  which  form  a  4  in. 
ledger  for  floor  joist  support  on  top  of  the  12  in. 


units,  and  serve  to  form  a  4  in,  support  for  the 
brick  facing  which  is  to  begin  an  unspecified 
depth  below  ground  le\el.  The  main  wall  is  then 
laid  with  standard  2  1/2-  by  4-  by  8-in,  face 
brick  backed  by  4-  by  8-  by  I6-in,  CMUs, 


BRICK  FACiXG 


1 1     4*jS*ii6"  Block  BaCmnG 

sue  r to Oft 


rOOrisir 


133,420 

Figure  2 17.-$ection  A-A  illustrates  a  typical  section  of 
a  masonry  building. 
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The  foundation  plan  shown  in  figure  2-10 
also  shows  that  both  side  walls  (22  ft 
measurements)  are  Sin.  thick  centered  on  a 
16  in.  concrete  footing  to  an  unspecified  height. 
Section  B-B  (fig.  2-18)  illustrates  the 
PILASTER,  a  specific  section  of  the  wall  to  be 
constructed  for  support  of  the  girder.  It  shows 
that  the  pilaster  is  constructed  of 
1  2-  by  8- by  16-in.  CMlTs  alternated  with 
4-  by  8-  by  16-in.  and  8*  by  8-  by  16-in.  CMLTs. 
The  hidden  lines  (dashed  lines)  on  the  12  in. 
wide  units  indicate  that  the  thickness  of  the  wall 
beyond  the  pilaster  is  8  in.  thick.  Mote  how  the 
extra  4  in.  thickness  of  the  pilaster  provides  a 
center  support  for  the  girdet\  which  in  turn  will 
support  the  floor  joists. 

Details 

Details  are  large-scale  drawings  showing  the 
builders  of  a  structure  how  its  various  parts  are 
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Fi9«rt  2-18.-Wall  taction  B*Bsh0w*  a  pilaiter,  a  ipccific 
lection  of  a  concrete  masonry  unit  wall. 


tn  be  connected  and  placed.  Details  do  not  use 
the  cutting  plane  indication,  but  they  are  closely 
related  to  sections,  in  that  sections  are  often 
used  as  parts  of  detail  drawings.  The 
construction  of  doors,  windows,  and  eaves  is 
customari  y  shown  in  detail  drawings  of 
buildings.  (See  fig.  2-19.)  Detail  drawings  are 
used  whenever  the  information  provided  in 
elevations,  plans,  and  sections  is  not  clear 
enough  for  the  constructors  on  the  job.  They  are 
usually  grouped  so  that  references  may  be  made 
more  easily  from  the  general  drawing. 
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Schedules 

Genera]  notes  usually  ar£  grouped  according 
to  materials  of  construction  in  a  tabular  form 
and  are  called  a  SCHEDULE  As  used  in  this 
training  manual,  the  category,  General  Notes, 
refers  to  alt  note$  on  the  drawing  not 
accompanied  by  a  leader  and  arrowhead.  Item 
schedules  for  doors,  rooms,  footings,  and  so  on 
are  more  detailed.  Typical  door  and  window 
schedule  formats  are  presented  below, 

1,  Door  Schedule.  The  doors  shown  by 
symbol  in  a  plan  view  may  be  identified  as  to 
size,  type,  and  style  with  code  numbers  placed 
next  to  each  symbol.  This  code  number,  or 
mark,  is  then  entered  on  a  line  in  a  door 
schedule  and  the  principal  characteristics  of  the 
door  are  entered  in  successive  columns  along  the 
line.  The  No.  column  allows  a  quantity  check  on 
doors  of  the  same  design  as  well  as  the  total 
number  of  doors  required.  By  using  1  number 
with  a  letter,  the  mark  can  serve  a  double 
purpose:  the  number  identifies  the  floor  on 
which  the  dooi  is  located,  and  the  letter 
identifies4  the  doer  designwise.  For  example, 
mark  l-D  would  inear*  style  D  on  the  first 
floor.  The  sejuence  of  dooi  sizes  are  written  in 
width  by  height  by  thickness.  Th*  description 
column  allows  identification  by  type  (panel, 
flush),  style,  and  material.  The  remarks  column 
allows  reference  to  the  appropriate  detail 
drawing.  The  schedule  is  a  convenient  way  of 
presenting  pertinent  data  without  making  the 
Builder  refer  to  the  specifications,  A  typical 
door  schedule  follows: 


No. 

Mark 

Size 

Description 

Remarks 

6 

l-D 

5  x7 

Flush  - 

Double  door 
hinged 

9 

2-D 

2*4  x  7 

Panel- 

Single  door 
hinged 

2,  Window  Schedule.  A  window  schedule  is 
similar  to  a  door  schedule  for  providing  an 
organized  presentation  of  the  significant  window 
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characteristics.  The  code  mark  used  in  the 
schedule  is  placed  next  to  the  window  symbol 
that  applies  on  the  plan  view  or  elevation  view, 
(See  figs,  2-13  and  2-14.)  A  similar  window 
schedule  follows: 


No. 

Mark 

Size 

Description 

Remarks 

16 

W-l 

5x9 

Double  Hung 

Slide  from 

bottom  to 

top  and 

top  to  bot- 

tom 

P 

W-2 

4x7 

Casement 

Hinged  at 

1 
1 

top 

ARCHITECTURAL 
DRAWINGS 

The  design  of  any  structure  represents  close 
cooperation  between  architects  and  engineers. 
One  of  the  principal  factors  influencing  the 
design  of  a  structure  is  its  function,  that  is,  the 
use  for  which  it  is  intended.  In  the  case  of  a 
building,  factors,  such  as  overall  size,  external 
appearance,  arrangement  of  internal  space,  and 
number,  size,  and  kind  of  doors,  windows,  and 
fittings  are  the  responsibility  of  the  architect. 
The  structural  engineer  prepares  design  sketches 
of  the  structure  based  upon  calculations 
concerned  with  the  strength  of  the  supporting 
members.  In  addition,  the  mechanical  systems  of 
a  building,  such  as  plumbing,  lighting,  heating, 
ventilating,  and  air  conditioning  are  designed  by 
mechanical/electrical  engineers  rather  than 
architects.  The  architect  and  engineer  determine 
the  construction  materials  to  be  used  and 
methods  of  construction, 

MECHANICAL  DRAWINGS 

Mechanical  drawings  include  all  drawings 
and  notes  which  have  something  to  do  with 
water  supply,  sewage  systems,  drainage,  heating 
and  ventilating  systems,  refrigeration*  air- 
conditioning,    POL   (Petroleum,    Oils,  and 
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Lubricants),  and  the  gas  supply  system.  It  may 
also  include  other  drawings  that  are  necessary  to 
properly  present  the  system  in  relation  to  the 
other  portions  of  the  project,  such  as  site  plan*, 
grading  plans,  and  building  layouts. 

The  symbols  that  are  used  in  a  mechanical 
drawing  are  shown  in  figures  2-6  and  2-7.  They 
should  be  drawn  in  heavier  lines  than  the  outline 
of  the  floor  plan. 


ELECTRICAL  DRAWINGS 


Electrical  drawings  consist  of  those  relating 
to  electric  power  and  wire  communication 
systems.  An  electrical  drawing  includes  the 
^  electrical  distribution  system*  electrical  wiring, 
lighting  system,  telephone  system,  and  the  like, 
As  in  mechanical  drawings,  electrical  drawings 
may  also  include  other  drawings  that  are 
necessary  to  tie  in  rhe  system  with  the  rest  of 
the  project. 

The  symbols  used  in  electrical  drawings  are 
shown  in  figure  2-8.  Ordinary  electrical  drawings 
for  structures  are  easy  to  make,  except  for  the 
detiids  which  require  more  time,  because  they 
are  generally  shown  in  different  views  and 
sections*  or  in  a  pictorial  form. 


SHOP  DRAWINGS 


Shop  drawings  are  drawing:.,  schedules, 
diagrams,  and  other  data  prepared  by  the 
contractor  (Builder)  to  illustrate  some  portion 
of  the  work.  As  a  Builder,  you  will  be  required 
to  draft  shop  drawings  for  minor  shop  and  field 
projects.  They  may  include  shop  items  such  as 
doors,  cabinets,  and  small  portable  buildings, 
prefabricated  berthing  quarters,  and  modi- 
fications of  existing  structures. 

Shop  drawings  are  prepared  from  portions  ut 
design  drawings*  or  from  freehand  sketches 
based  on  the  Builder's  past  building  experience. 
They  must  include  enough  information  for  the 
crew  to  complete  the  job.  Normally,  the  Builder 


would  tase  the  amount  of  required  detailing  on 
the  level  of  experience  of  the  crew  expected  to 
complete  the  project.  When  an  experienced 
building  crew  will  be  doing  the  work,  it  would 
not  be  necessary  to  show  all  the  fine  standard 
details 

When  making  actual  drawings  it  is 
recommended  that  templates  be  used  for 
standard  symbols,  if  i1  are  available.  Use  of 
standard    technical  ng    techniques  is 

recommended,  but  nut  mandatory.  Tor 
techniques  in  the  skill  of  drawing,  refer  to 
Blueprint  Reading  and  Sketching,  NAVEDTRA 
10077-fc. 


BILL  OF 
MATERIALS 


A  bill  of  materials  in  a  tabulated  statement 
of  material  requirements  tor  a  given  project. 
(See  fig.  2-20.)  It  contains  information,  such  as 
stock  numbers,  unit  of  issue,  quantity,  line  item 
number,  description,  vendor,  and  cost. 
Sometimes  the  bill  of  materials  will  be 
submitted  on  material  estimate  sheets,  or 
material  takeoff  sheets,  but  ea^h  will  contain 
similar  information.  Actual},  a  btll  of  material 
is  a  grouped  compilation  based  on  takeofs  and 
estimates  of  all  materia]  needed  to  complete  a 
structure.  The  layoff  usually  is  an  actual  tally 
and  check-off  of  the  items  shown,  noted,  or 
specified  on  the  construction  drawings  and 
specifications.  The  estimated  quantities  are 
those  known  to  be  necessary  but  which  may  not 
have  been  placed  on  the  drawings,  such  as  nails, 
cement,  conjrete-form  lumber  and  tie  wire, 
temporary  bracing  or  scaffold  lumber*  and  so 
on.  These  are  Lalculated  from  the  knowledge  of 
construction  methods  that  will  be  used  for  field 
erection. 

Most  NAVFAC"  drawings  will  contain  a  bill 
of  materials  incorporated  within  the  drawings 
As  a  crew  leader,  you  will  find  it  useful  in 
identifying  the  materials  ordered  for  your 
project,  Yuu  can  determine  whether  all  materials 
arc  actually  on  site  prior  to  starting  die  project 
or  haw  been  uvciluoked  and  must  be  placed  on 
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order  to  insure  timely  completion  of  your 
project. 


SPECIFICATIONS 


Construction  drawings  are  supplemented  by 
written  SPECIFICATIONS,  commonly  referred 
to  as  SPECS,  Specifications  give  detailed 
instructions  regarding  materials  and  methods  of 
construction.  They  cover  various  factors  relating 
to  the  job.  such  as  general  conditions,  scope  of 
wqrk,  quality  of  materials,  standards  of 
workmanship,  and  protection  of  finished  work. 
The  drawings  and  specifications  define  the 
project  in  detail  and  show  how  it  is  to  be 
constructed.  Usually,  any  set  of  drawings  for  an 
important  project  is  accompanied  by  a  set  of 
specifications.  Actually,  in  such  a  case,  the 
drawings  and  specifications  are  inseparable;  the 
drawings  indicate  what  the  specs  did  not  cover; 
and  the  Specs  indicate  what  the  drawings  did 
not  portray,  or  it  clarifies  further  details  that 
have  not  been  covered  amply  by  the  drawings 
and  notes. 

Specifications  usually  begin  with  a  GEN- 
ERAL REQUIREMENT  for  the  structure, 
stating  type  of  foundation,  character  of 
load-beanng  members  (wood-frame,  steel-frame, 
concrete),  type  or  types  of  doors  and 
windows,  types  of  mechanical  and  electrical 
installations,  and  the  principal  function  of  the 
building. 

Next  come  the  SPECIFIC  CONDITIONS 
which  must  be  carried  out  by  the  constructors. 
These  are  grouped  in  divisions  undei  headings 
applying  to  each  m^jor  phase  of  construction,  as 
in  the  following  typical  list  of  divisions, 

2, -SITE  WORK  3, -CONCRETE  4.- 
MASONRY  5, -METALS  6. -CARPENTRY  7,  - 
MOISTURE  CONTROL  8, -DOORS,  WIN- 
DOWS, AND  GLASS  9,-FINISHES  10,- 
SPECIALIT1ES  1 1, -EQUIPMENT  !2,-FUR- 
NISH1NGS  1 3,  -SPECIAL  CONSTRUCTION 
14, -CONVEYING  SYSTEMS  15, -MECH- 
ANICAL and  16,  -ELECTRICAL, 


Sections  under  one  of  these  general 
categories  generally  begin  with  GENERAL 
REQUIREMENTS  for  that  category.  For 
example:  under  DIVISION  6, -CARPENTRY, 
the  first  section  might  read: 

6-01, -GENERAL  REQUIRE- 
MENTS,-A1I  framin*.  rough  carpentry, 
and  finishing  woodwork  required  for  tin* 
proper  completion  of  the  building  shall 
be  provided.  All  woodwork  must  be 
protected  from  the  weather,  and  the 
building  shall  be  thoroughly  dry  before 
the  finish  is  placed,  AH  finish  shall  be 
dressed,  smoothed,  and  sandpapered  at 
the  mill,  and,  in  addition,  must  be 
hand-smoothed  and  sandpaper^  at  the 
building,  when  necessary  to  ^produce 
proper  finish.  Nailing  shall  be  done,  as 
far  as  practicable,  in  concealed  places, 
and  all  nails  in  finishing  work  shall  be  set 
(meaning  to  drive  heads  slightly  below 
the  surface  with  a  hammer-driven  tool 
called  a  "nail  set11). 

All  lumber  shall  be  S4S  {surfaced 
four  sides);  all  materials  for  millwork 
{doors,  window  sash,  and  the  like)  and 
finish  shall  be  kiln-dried  {meaning  dried 
or  "cured1*  in  heated  kilns,  rather  than 
simply  air-dried),  all  rough  and  framing 
lumber  shall  be  air-  or  kiln-dried 
(meaning,  absolutely  no  "green"  lumber 
to  be  used). 

Any  cutting,  fitting*  framing,  and 
blocking  necessary  for  the  accom- 
modation of  other  work  shall  be 
provided.  All  nails,  spikes,  screws,  bolts, 
plates,  clips,  and  other  fastening  and 
rough  hardware  {a  whole  list  of  items 
too  small  or  too  numerous  to  be  shown 
on  the  drawings)  shall  be  provided.  All 
finishing  hardware  shall  be  installed  in 
accordance  with  the  manufacturer's 
instructions.  Calking  and  flashing  (thin 
sheets  of  metal  or  other  material, 
installed  around  window  openings, 
chimney  openings*  and  at  other  places 
where  leakage  might  occuri  shall  be 
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provided  where  indicated  or  where 
necessary  to  provide  weather  tight 
construction. 

Subsequent  sections  under  division  6.-CAR- 
PENTRY  would  specify  various  quality  criteria 
and  standards  of  workmanship  for  the  various 
types  of  rough  and  finish  carpentry,  as,  for 
example: 

6-07. -STUDDING  for  walls  and 
partitions  shall  have  doubled  plates  and 
doubled  caps.  Studs  shall  be  set  plumb 
and  not  to  exceed  16  in.  centers  and  in 
true  alinement.  They  shall  be  bridged 
with  one  row  of  2x4  pieces,  set 
flatwise  and  fitted  tightly,  and  nailed 
securely  to  each  stud.  Studding  shall  be 
doubled  around  openings,  and  the 
headers  for  openings  shall  rest  on  the 
inner  studs.  Openings  more  tlian  4-ft 
wide  in  partitions  shall  have  trussed 
headers.  Studs  shall  be  trebled  at  comers 
to  form  corner  posts. 

With  very  few  exceptions,  the  matenal  used 
by  the  SEABHES  is  covered  by  a  Government 
spec,  a  NAVFAC  spec,  a  Federal  spec,  or  a 
Military  spec.  Commercial  specs  may  be  used  in 
conjunction  with  Government  specs  for 
specialized  materials. 

It  is  very  important  that  the  proper  spec  be 
used  to  cover  the  materia]  requested.  In  cases  in 
which  the  material  is  not  covered  by  a 
Government  spec,  the  ASTM  (American  Society 
for  Testing  Materials)  spec  or  some  other 
approved  commercial  spec  may  be  used.  It  is 
EXTREMELY  IMPORTANT  when  specifi- 
cations are  used  to  cite  all  amendments, 
including  the  latest  changes. 

As  a  rule,  the  specs  are  provided  for  each 
project  by  the  A/E  (ARCHITECT-ENGINEERS). 
They  are  OFFICIAL  guidelines  approved  for  use 
during  construction  by  the  Commander, 
NAVFAC  or  his  representative.  They  should 
NOT  be  deviated  from  without  prior  approval 
from  propel  authority.  This  approval  is  usually 
obtained  by  means  of  a  change  order.  When 
there  is  disagreement  between  the  specifications 


and  drawings,  the  specifications  should  normally 
be  followed;  however,  check  with  higher 
authority  in  each  case.  Many  claims  have  been 
made  against  the  government  as  a  result  of 
inconsistencies  or  ambiguities  between 
specifications  and  drawings. 

FREEHAND  SKETCHES 


As  a  Builder  you  must  be  able  to  read  and 
work  from  drawings  and  specifications,  and  to 
make  quick,  accurate  sketches  when  it  comes  to 
conveying  technical  information  or  ideas. 

One  of  the  main  advantages  of  sketching  is 
that  few  materials  are  required.  Basically  all  you 
need  are  a  pencil  and  paper.  However,  the  type 
of  sketch  prepared  and  your  personal  preference 
will  determine  the  material  used. 

Most  of  your  sketches  will  be  done  on  some 
type  of  scratch  paper.  The  advantage  of 
sketching  on  tracing  paper  is  the  ease  with  which 
sketches  can  be  modified  or  redeveloped  simply 
by  placing  transparent  paper  over  previous 
sketches  or  existing  drawings.  Cross  section  or 
graph  paper  may  be  used  to  save  time  when  you 
are  required  to  draw  sketches  to  scale. 

For  making  dimensional  sketches  in  the 
field,  you  will  need  some  sort  of  measuring  tape 
or  pocket  rule,  depending  on  the  extent  of  the 
measurements  taken. 

In  freehand  pencil  sketching  draw  each  line 
with  a  series  of  short  strokes  instead  of  with  one 
stroke.  Strive  for  a  free  and  easy  movement  of 
your  wrist  and  fingers.  You  need  not  be  a 
draftsman  or  an  artist  to  pre)>are  working 
sketches.  Sketches  which  you  will  prepare  may 
be  for  your  own  use  or  for  use  by  other 
c  re  wm  embers. 

An  exampie  of  a  freehand  sketch  is  shown  in 
figure  2-2L  The  sketch  was  de^tloped  for  use 
within  the  kitchen  of  the  floor  plan  (See  fig. 
2-12.)  The  sketch  depicts  different  construction 
phases  to  be  considered  by  the  BU  when 
engaged  in  putting  together  low -tost  interior 
finish  kitchen  cabinets.  Freehand  sketches  are 
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Figure  2-21. -Freehand  iketch. 
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prepared  by  the  crewleader  responsible  for  the 
job.  Therefore,  any  information  may  be 
included  which  will  make  the  project  more 
understandable.  By  following  the  above 
procedure,  you  should  be  able  to  sketch 
freehan  d  from  any  plans  covering  building 
operations.  Sketches  need  not  be  prepared  in 
great  detail. 


BUILDING  MATHEMATICS 

The  Builder  has  many  occasions  for  the 
employment  of  the  processes  of  ordinary 
arithmetic,  and  you  must  be  thoroughly  familiar 
with  the  methods  of  determining  the  areas  and 
volumes  of  the  various  plane  and  solid 
geometrical  figures.  For  more  detailed 
explanations  in  the  procedures  for  working  area 
ZAd  volume  problems  refer  to  Mathematics, 
Vol.  1 ,  NAVPERS  1 0096-C.  Only  a  few 
practical  applications  and  suggestions  for  the 
Builders  use  are  given  here. 

RATIO  AND  PROPORTION 

Ratio  and  proportion  and  the  manner  of 
solving  proportional  equations  are  explained  in 
Mathematics,  Vol.  1.  There  are  a  great  many 
practical  applications  of  ratio  and  proportion  in 
the  construction  field.  A  few  examples  are  as 
follows: 

Some  dimensions  on  construction  drawings 
(for  example,  distances  from  base  lines  and 
elevations  of  surfaces)  are  given  in  ENGINEER'S 
instead  of  CARPENTER'S  measure.  Engineer's 
measure  is  measure  in  feet  and  decimal  parts  of  a 
foot,  or  in  inches  and  decimal  parts  of  an  inch, 
such  as  100.15  ft  or  1 L 14  in.  Carpenter's 
measure  is  measure  in  yards,  feet*  inches,  and 
even-den  Ominat Or  fractions  of  an  inch,  such  as 
1/2 in.,  l/4in.,  l/16in.,  1/32 in.,  and  1/64 in. 

You  must  know  how  to  convert  an 
engineer's  measure  given  on  a  construction 
drawing  to  a  carpenter's  measure.  Besides  this,  it 
^  will  often  happen  that  calculations  you  make 
yourself  may  produce  a  result  in  feet  and 
decimal  parts  of  a  foot*  in  which  you  will  have 
to  convert  the  results  to  carpenter's  measure.  To 


convert  engineer's  to  carpenter's  measure  you 
can  use  ratio  and  proportion  as  follows: 

Let's  say  that  you  want  to  convert  100.14  ft 
to  feet  and  inches  to  the  nearest  1/1 6  in.  The 
100  you  don't  need  to  convert,  since  it  is 
already  in  feet.  What  you  need  to  do,  first,  is  to 
find  out  how  many  twelfths  of  a  foot  (that  is, 
how  many  inches)  there  are  in  14/100  ft.  Set 
this  up  as  a  proportional  equation  as  follows: 
x:12::14:100. 

You  know  that  in  a  proportional  equation 
the  product  of  the  means  equals  the  product  of 
the  extremes.  Consequently*  100x-(12x  14), 
or  168.  Then  x  =  168/100,  or  1*68  in.  The  next 
question  is,  how  many  l6ths  of  an  in.  are  there 
in  68/100  in.?  Set  this  up,  too,  as  a  proportional 
equation,  thus:  x :  1 6: :  68: 1  00.  Then 
lOOx  "  1088,  and  x=  1088/100sixteenth$. 
Since  88/100  of  a  sixteenth  is  more  than 
one-half  of  a  sixteenth,  you  ROUND  OFF  by 
calling  it  11/16.  In  100.14  ft,  then,  there  are 
100  ft  1  11/16  in.  For  example: 

A.  means 

x:  12::  14:100 

Extremes 

Product  of  extremes  =  product  of  means: 
100  x*  168 
x  -  1.68  in. 

B.  x:16::68:100 
100  x^  1088 

x  =  10.88 

88 

x=  lOyQQSixteenths 

Rounded  off  to  11/16 

Another  way  to  convert  engineer's  measure- 
ments to  carpenter's  measurements  is  to  mul- 
tiply the  decimal  portion  of  a  foot  by  1 2  to  get 
inches,  multiply  the  decimal  by  16  to  get  the 
fraction  of  an  inch. 
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There  are  many  other  practical  applications 
of  ratio  and  proportion  in  the  construction  field. 
Suppose,  for  example,  that  a  table  tells  you  that, 
for  the  size  and  type  of  brick  wall  you  happen 
to  be  laying,  12,321  bricks  and  1 95  cu  ft  of 
mortar  are  required  per  every  lOOOsq  ft  of  wall. 
How  many  bricks  and  how  much  mortar  will  be 
needed  for  750sqft  of  the  same  wall?  You 
simply  set  up  equations  as  follows: 


Brick:  x:750: 
Mortar:  x:750: 


12,321:1000 
195:1000 


Brick: 


Mortar: 


x   ,12,321  Cross 
750  ~  1000  multiply 


1000  x  =  9,240,750  Dirde 
x  =  9,240.75  =  9241  Brick. 

x  _   195  Cross 
750"  1000  multiply 


Sand:  x:27::1.7:4.07 

JL-  _LL 
27  "  4.07 

4.07  x=  45.9 

x  =  11.28  cu  ft  sand 

Coarse  aggregate:  x:27::2. 8:4.07 

x  2.8 
27  "  4.07 

4.07  .  =  75.6 

x  =  18.57  cu  ft  coarse 
aggregate 

ARITHMETICAL 
OPERATIONS 


1000  x=  146,250  Divide 
x=  146.25  =  146  1/4  cu  ft 

Suppose,  for  another  example,  that  the 
ingredient  proportions  by  volume  for  the  type 
of  concrete  you  are  making  are  1  cu  ft  cement 
to  1.7cuft  sand  to  2.8cuft  coarse  aggregate. 
Suppose  you  know,  by  reWence  to  a  table,  that 
ingredients  combined  in  .  c  amounts  indicated 
will  produce  4.07  cu  ft  of  concrete.  How  much 
of  each  ingredient  will  be  required  to  make  a 
cu  yd  of  concrete? 

Remember  here,  first,  that  there  arc  not  9, 
but  27  (3  ft  x  3  ft  x  3  ft)  cu  ft  in  a  cu  yd.  Your 
proportional  equations  will  be  as  follows: 

Cement;  x:27::I:4.07 

Sand:  x:27::1.7:4.07 

--^Coarse  aggregate:  x:27::2.8:4.07 

V  Cement;xr$?::  1:4.07  / 

\  jJ    J_  / 

\  17  ~  4.07  / 

x  =  6.63  cu  ft  cement 


The  formulas  for  finding  the  area  and 
volume  of  geometric  figures  are  expressed  in 
algebraic  equations  which  are  called  formulas.  A 
few  of  the  more  important  formulas  and  their 
mathematical  solutions  will  be  discussed  in  this 
section. 

To  get  an  area,  you  multiply  2  linear 
measures  together,  and  to  get  a  volume  you 
multiply  3  linear  measures  together.  The  linear 
measures  you  multiply  together  must  all  be 
expressed  in  the  SAME  UNITS;  you  cannot,  for 
example,  multiply  a  length  in  feet  by  a  vrlth  in 
inches  to  get  a  result  in  square  feet  or  in  square 
inches. 

Dimensions  of  a  feature/on  a  construction 
drawing  are  not  always  jpvpjf  in  the  same  units. 
For  a  concrete  wall,  for  example,  the  length  and 
height  arc  usually  given  in  f  set  and  the  thickness 
in  inches.  Furthermore,  yoi  may  want  to  get  a 
result  in  units  which  are/  different  from  any 
shown  on  the  drawing.  Concrete  volume,  for 
example,  is  usually  expressed  in  cubic  yards, 
while  the  dimensions  of/oncrete  work  are  given 
on  the  drawings  in  fe&t^and  inches. 

You  cans^ye^ourself  a  good  many  steps  in 
caifortftting^TJy  using  fractions  to  convert  the 
original  dimension  units  into  the  desired 
end-result  units.  Take  1  in.,  for  example.  To 
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express  1  in,  in  feet,  you  simply  put  it  over  12, 
thus:  1/12  ft*  To  express  1  in.  in  yards,  you 
simply  put  it  over  36,  thus;  1/36  yd*  In  the  same 
manner,  to  express  1  ft  in  yards  you  simply  put 
it  over  3,  thus  1/3  yd. 

Suppose  now  that  you  want  to  calculate  the 
number  of  cu  yd  of  concrete  in  a  wal3  ^2  ft  long 
by  14  ft  high  by  8  in*  thick.  You  can  express  all 
these  in  yards  and  set  up  your  problem  thus: 

32  14  8 
3  x  3  x  36 

Next  you  can  cancel  out,  thus: 

9 

Dividing  896  by  81*  you  get  1  L06  cu  yds  of 
concrete  in  the  wall. 

The  right  triangle  is  a  triangle  which  contains 
one  right  (90*)  angle.  The  following  letters  will 
denote  the  parts  of  the  triangle  indicated  in 
figure  2* 2 2 -a  -  altitude,  b  =  base,  c  =  hypot- 
enuse* 

In  solving  a  right  triangle,,  the  length  of  any 
side  may  be  found  if  the  lengths  of  the  other 
two  sides  are^gfVen*  The  combinations  of  3*4-5 
(lengths  of  sides)  or  any  multiple  of  these 
combinations  will  come  out  to  a  wfu-te  number* 
The  following  examples  show  the  formula  for 
finding  each  side.  Each  of  these  formulas  is 
derived  from  the  master  formula  c1  =a*  +  b2, 

(1)  Find  c  when  a  -  3%  and  b  =  4* 

(2)  Find  a  when  H  =  8,  and  c  «  1 0* 
a-y^-b1  ->/l03*  82  -yl00«  64 -1/36-6 

(3)  Find  b  when  a  -  9,  and  c  =  15, 

b  -yk2  -  a1  -y'l5*  *  93  ->/226  -  81  ~y/U4-  12. 

There  are  tables  from  which  the  square  roots 
of  numbers  may  be  found;  otherwise^  they  ,nay 


B=BASE 
RIGHT  TRIANGLE 


CIRCLE 


133,1 

FiftJre  2*22.-Right  triangle  and  circle. 


be  found  arithmetical^  as  explained  later  in  this 
chapter* 

Areas  And  Volumes  Of 
Geometric  Figures 

This  section  on  areas  and  volumes  of 
geometric  figures  will  be  limited  to  the  most 
commonly  used  geometric  figures*  Reference 
books,  such  as  Mathematics,  Vol,  1,  are  available 
for  additional  information  if  needed.  Areas  are 
expressed  in  square  units  and  volumes  in  cubic 
units, 

I,  A  circle  is  a  plane  figure  bounded  by  a 
curved  line  in  which  every  point  is  the  same 
distance  from  the  center 

a.  The  curved  line  js  called  the  circum- 
ference. 
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b,  A  straight  line  drawn  from  the  center 
to  any  point  on  the  circumference  is 
called  a  radius,  (r  =  1/2  the  diameter.) 

a  A  straight  line  drawn  from  one  point 
of  the  circumference  through  the 
center  and  terminating  on  the 
opposite  point  of  the  circumference 
is  called  a  diameter,  (d  =  2  times  the 
radius,)  See  figure  2-22, 

d.  The  area  of  a  circle  is  found  by  the 
following  formulas:  A~m7  or  A  = 
,7854  d2,  ( tt  is  pronounced 
pie  =  3,1416  or  3  17,  ,7854  is  1/4  of 
tt,)  Example;  Find  the  area  of  a  circle 
whose  radius  is  7",  A  =  itr7  =3  1/7  x 
7*  -  22/1  x  49  =  I  54  sq  in.  If  you  use 
the  second  formula  you  obtain  the 
same  results, 

e.  The  circumference  ot  a  circle  is  tound 
by  multiplying  n  times  the  diameter 
or  2  times  *  times  the  radius. 
Example.  Find  the  circumference  of 
a  circle  whose  diameter  is  56  inches 
C  =  ffd  =  3,1416  x  ?6  =  175,92% 
inches, 

2-  The  area  of  a  right  triangle  is  equal  to 
one-half  the  product  of  the  hase  by  the  altitude, 
(Area  =  1/2  base  x  altitude,)  Example,  Find  the 
area  of  a  triangle  whose  base  is  1 6  in,  and 
altitude  6  in  Solution 

A  =  12  bh  =  I  2  \  16  x  <>  =  4Hst]  in. 

3,  The  area  of  a  rectangle  is  found  by 
multiplying  its  length  by  its  width, 

A  =  L  x  W 

Example,  Find  the  area  of  a  rectangle  when  the 
length  is  12  ft  and  it?  Hidth  9  ft.  Solution 

A  =  I  2  x  9  =  1 08  sq  ft 

4,  The  area  of  a  regu'ar  polygon  of  many 
sides  (5.  6,  7,  8t  etc  )  equals  one-half  the  number 
of  sides  times  the  length  of  a  side  times  the 
radius  of  the  insenbed  circle.  See  figure  2-2.1, 
The  formula  is  A  =  1/2  fn  x  b  x  r),  where 
n  =  number  of  sides. 


Examr1.  Find  the  area  of  a  regular  6-sided 
polygon  whose  sides  are  18  inches  long  jnd 
radius  of  the  inscribed  circle  is  1 2  inches 
Solution: 

A  -  1/2(6  x  18  x  12)  3  648  sq  in, 

5,  Tlie  volume  of  a  cylinder  is  found  by 
multiplying  the  area  of  the  base  times  the 
height,  (V=  3,1416  x  rJ  x  h).  Example  Hind 
tlie  volume  of  a  cylinder  which  has  :i  rjdnis  of 
8  in,  and  a  height  of  4  ft,  Solution 

8  in,  =  j ft  and^  j)  =  y  x  y  -  -sq  II 

V  =  3,1416  x|x  4  =  50  :Q656  =  5,54  cu  it. 

6.  The  volume  of  a  rectangular  ^nhd  or 
prism    equals    the    length  x  width  x  height 
<V  =  Jwh.)  Example    Find  the  volume  of  a 
rectangular  solid  or  pnsm  which  hdb  a  len^lh  of 
6  ft,  a  width  of  3  ft,  and  a  height  of  2ft 
Solution 

V  =  |wh  *  6  x  3  x  2  -  36  eu  It 


45.680(458) 

Figure  2  23. -Regular  polygon. 
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7.  The  volume  of  a  cone  may  be  found  by 
multiplying  one-thfrd  times  the  area  of  the  base 
times  the  height. 

(v-fHh) 

Example:  Find  the  volume  of  a  cone  when  the 
radius  of  its  base  is  2  ft  and  its  height  is  9  ft. 
Solution: 

ir -  3.1416;  r-2;  r2  M;  h-9 
V-  U3flT*h~  i;3x  3.1416x4  x9-  37.70cu  ft. 

8.  The  volume  of  a  pyramid  may  be  found 
by  multiplying  one-third  times  the  area  of  its 

Ah 

base  times  its  height.  (V  ) 

Example:  Find  the  volume  of  a  pyramid  when 
its  base  is  3  in.  by  4  in.  and  whose  height  is  6  in. 
Solution: 

A  =  3  x  4  =  1 2  sq  in. 
V  =  1  23X  6  -  24  cu  in. 

9.  The  volume  of  a  cube  may  be  found  by 
multiplying  together  three  measurements 
<V=  Lx  WxH) 

Example:  Find  the  volume  of  a  cube  1  2  ft  long, 
I  2  ft  wide,  and  1 2  ft  deep.  Solution: 

V  =  LWH  "  1 2  x  I2  x  12=  1728  cu  ft. 

Powers  And  Roots 

1.  Powers-When  we  multiply  several  num- 
bers together,  as  2  x  3  x  4  =  24,  the  numbers  2, 
3,  and  4  are  factors  and  24  the  product.  The 
operation  of  raising  a  number  to  a  power  is  a 
special  case  of  multiplication  in  which  the 
factors  are  all  equal.  The  power  of  a  number  is 
the  number  of  times  the  number  itself  is  to  be 
taken  as  a  factor.  Example:  24  is  16.  The  second 
power  is  called  the  square  of  the  number,  as  32. 
The  third  power  of  a  number  is  called  the  cube 
of  the  number,  as  53,  The  exponent  of  a  number 
is  a  number  placed  to  the  right  and  above  a  base 


to  show  how  many  times  the  base  is  used  as  a 
factor.  Example: 

4^^- exponent  = 
base 

4  x  4  x  4  -  64. 

2.  Roots-To  indicate  a  root,  use  the  sign 
\J\  which  is  called  the  radical  sign.  A  small 
figure,  called  the  index  of  the  root,  is  placed  in 
the  opening  of  the  sign  to  show  which  root  is  to 
be  taken.  The  square  root  of  a  number  is  one  of 
the  two  equal  factors  into  which  a  number  is 
divided.  Example:  ^/ST  =  >/9  x  9.  The  cube 
root  is  one  of  the  three  equal  factors  into  which 
a  number  is  divided.  Example:  ^125  = 
#5x5x5  =  5, 

Square  Root 

1.  The  square  root  of  any  number  is  that 
number  which*  when  multiplied  by  itself,  will 
produce  the  first  number.  For  example;  the 
square  root  of  121  is  11  because  11  times  11 
equals  121. 

2.  How  to  extract  the  square  root  arith- 
metically: 

  95. 

-81 

180.  925 
+5  :  -925 

185  :  000 

a.  Begin  at  the  decimal  point  and  divide 
the  given  number  into  groups  of  2 
digits  each  (as  far  as  possible),  going 
from  right  to  left  and/or  left  to  right. 

b.  Find  the  greatest  number  (9)  whose 
square  is  contained  in  the  first  or  .sft 
hand  group  (90).  Square  this  number 
(9)  and  place  it  under  the  first  pair  of 
digits  (90),  then  subtract. 

c.  Bring  down  the  next  pair  of  digits 
(25)  and  add  it  to  the  remainder(9). 
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d.  Multiply  the  first  digit  in  the  root  by 
20  and  use  it  as  a  trial  divisor  (180). 
This  trial  divisor  (180)  will  go  into 
the  new  dividend  (925)  five  times. 
This  number,  5  (second  digit  in  the 
root),  is  added  back  to  the  trial 
divisor,  obtaining  the  true  divisor 
(185). 

e.  The  true  divisor  (185)  is  multiplied 
by  the  second  digit  (5)  and  placed 
under  the  remainder  (925).  Subtract 
and  the  problem  is  solved, 

f.  If  there  is  still  a  remainder  and  you 
want  to  carry  the  problem  further, 
add  zeros  (in  pairs)  and  continue  the 
above  process. 

Coverage  Calculations 

You  will  frequently  have  occasion  to 
estimate  the  number  of  linear  feet  of  boards  of  a 
given  size,  or  the  number  of  tiles,  asbestos 
shingles,  and  the  like,  required  to  cover  a  given 
area.  Let's  take  the  matter  of  linear  feet  of 
boards  first, 

What  you  do  here  is  first  calculate  the 
number  of  linear  feet  of  board  required  to  cover 
1  sq  ft.  For  boards  laid  edge-to-edge,  you  base 
your  calculations  on  the  total  width  of  a  board. 
For  boards  which  will  lap  each  other,  you  base 
your  calculations  on  the  width  laid  TO  THE 
WEATHER,  meaning  the  total  width  minus  the 
width  of  the  lap. 

Since  there  are  144  sq  in.  in  a  sq  ft,  linear 
footage  to  cover  a  given  area  can  be  calculated  as 
follows.  Suppose  your  boards  are  to  be  laid  8  in. 
to  the  weather.  If  you  divide  8  in.  into  144 
sqin.,  the  result  (which  is  18  in.,  or  1.5  ft)  will 
be  the  linear  footage  required  to  cover  a  sq  ft  If 
you  have,  say,  100  sq  ft  to  cover,  the  linear 
footage  required  will  be  100  x  1.5,  or  150  ft. 

To  estimate  the  number  of  tiles,  as>besto* 
shingles,  and  the  like  required  to  cover  a  given 
area,  you  first  calculate  the  number  of  units 
required  to  cover  a  sq  ft.  Suppose,  for  example, 
you  arc  dealing  with  9*  by  9-in.  asphalt  tiles.  The 
area  of  one  of  these  is  9-  by9-m.  or  81  sq  in.  In  a 
sq  ft  there  are  144  sq  in.  If  it  takes  1  to  cover 
81  sqin.,  how  many  will  it  take  to  cover 


144  sq  in.?  Just  set  up  a  proportional  equation 
as  follows. 

1.81  -x  144 

When  you  work  this  ou\  you  will  find  that 
it  takes  1.78  tiles  to  cover  a  sq  ft.  To  find  the 
number  of  tiles  required  to  cover  lOOsqft. 
simply  multiply  by  100.  How  do  you  multiply 
anything  by  100?  Just  move  the  decimal  point  2 
places  to  the  nglit.  Consequently*  it  takes  1 78 
9-by<Hn.  asphalt  tiles  to  cover  1 00 si]  ft  of 
area. 

Board  Measure 

BOARD  MEASUPI;  is  a  method  of 
measuring  lumber  in  which  the  basic  unit  is  an 
abstract  volume  I  ft  long  by  1  ft  wide  by  I  in. 
thick.  This  abstract  volume  or  unit  is  called  a 
BOARD  FOOT. 

There  are  several  formulas  for  calculating  the 
number  of  board  feet  in  a  piece  of  given 
dimensions.  Since  lumber  dimensions  are  most 
frequently  indicated  by  width  and  thickness  in 
inches  and  length  ;n  feet,  the  following  formula 
is  probably  the  most  practical. 


12 


Suppose  you  arc  calculating  the  numter  of 
hoard  feet  in  a  14-ft  length  of  J  x  4.  Applying 
the  formula,  you  get 


6 
3 


T*^  chief  practical  use  of  board  measure  is 
u\  ost  calculations,  since  lumber  is  bought  and 
sold  by  the  board  foot.  Any  lumber  less  than 
I  in.  thick  is  presumed  to  be  I  in.  thick  lor 
buard  measure  purposes.  Board  measure  is  calcu- 
lated on  the  basis  of  the  NOMINAL,  not  the  AC- 
TUAL, dimensions  of  lumber  As  explained  in 
chapter  4.  the  actual  si2e  of  a  piece  of  dimension 
lumber  (such  as  a  ?  by  4,  for  example)  is  usuail> 
less  than  the  nominal  size. 
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METRIC  SYSTEM 

The  metric  system  was  developed  by  French 
scientists  in  1790  and  was  specifically  designed 
to  be  an  easily  used  system  of  weights  and 
measures  to  benefit  science,  industry  >  and 
commerce.  Soon  after  development,  sc'entists 
the  world  over  adopted  it  for  their  work. 

Early  in  the  19th  century  many  European 
countries  adopted  the  new  system  for 
engineering  and  commerce.  It  was  possible  for 
these  countries  to  trade  manufactured  goods 
with  one  another  and  not  be  concerned  with 
having  to  buy  special  wrenches  and  tools  to 
repair  the  machinery  received  in  trade.  Countries 
could  buy  and  sell  machine  tools  and  precision 
instruments  without  having  to  modify  or  alter 
them. 

In  1975  Congress  passed  the  Metric 
Conversion  Act,  which  was  signed  into  Public 
Law  (94-168)  by  President  Ford. 

By  that  time,  the  only  remaining  nonmetric 
users  were  a  few  smail  countries.  Meanwhile,  our 
conversion  to  metrics  is  in  full  swing.  The 
International  System  of  Units  (SI)  is  the  formal 
name  for  the  metric  system.  The  use  of  SI  units 
is  expected  to  become  universal  by  1980.  Much 
of  the  equipment  in  the  United  States  Navy  is 
already  measured  in  SI  units.  Certain  of  its 
weapons  are  sized  in  metric  units,  such  as 
20  millimeters  and  40  millimeters.  Existing  maps 
and  charts  may  show  distances  in  meters 
(instead  of  yards)  and  kilometers  (instead  of 
miles).  To  better  understand  conversion  to 
metric  units,  you  should  study  ;7te  Metric 
System,  NAVEDTRA  475-01-00-79. 

Sane  SI  units  are  base  units,  that  is  metric 
standards  defined  and  adopted  by  international 
treaty.  Other  SI  units  are  derived  from  the  base 
units  and  are  either  expressed  in  terms  of  the 
base  unit  or  are  specially  named.  The  base  unit 
for  measuring  distance,  the  meter,  is  defined  as 
one  ten-millionth  of  the  distance  from  the 
Equator  to  the  North  Pole.  The  metric  standard 
for  weight,  the  gram,  is  defined  as  the  weight  of 
one  cubic  centimeter  of  pure  water.  Other  ^1 
standards  include  the  second  (time)  and  the 
degree  Celsius  (temperature)*  which  was 
formerly  called  centigrade.  The  square  meter 
(^ea),  cubic  meter  (volume),  and  meter  per 
second  (speed)  are  derived  units  expressed  in 
terms  of  the  base  unit.  Derived  units  having 


special  names  include  the  hertz  (frequency), 
watt  (power),  farad  (capacitance),  volt 
(electromotive  force),  and  ohm  (electric 
resistance). 

The  metric  system  is  a  base-10  (decimal) 
number  system.  It  fe  convenient  and  easy  to  use 
because  one  unit  of  measure  is  converted  to 
smaller  and  larger  units  of  measure  by  dividing 
and  multiplying  by  powers  often*  or  by  shifting 
the  decimal  point.  For  example, 
12.3  millimeter,  convert  to  1-23  centimeters. 
Calculations*  such  as  dividing  by  16  (to  convert 
ounces  to  pounds)  am  multiplying  by  12  (to 
convert  feet  to  inches)  are  eliminated. 

The  result  of  multiplying  a  base  unit  by  a 
power  of  ten  is  referred  to  as  a  multiple;  the 
result  of  dividing  by  a  power  of  ten  is  referred  to 
as  a  submultiple*  Names  of  multiples  and  - 
submultiples  0f  the  base  unit  are  formed  by 
adding  prefixes  to  the  name  of  the  base  unit. 
The  already  mentioned  millimeter,  centimeter, 
and  kilometer  are  exam^^es.  Figure  2-24 
illustrates  a  set  of  8  prefixes  (and  'their  symbols) 
for  forming  multiples  and  submultiples. 

It  is  rather  simple  to  relate  SI  limits  to  non-SI 
units.  Compared  to  the  yard,  !he  meter  is  a  little 
longer  labout  hi  yd).  In  long  distance 
measurements,  the  SI  unit  is  the  kilometer, 
which  is  slightly  farther  than  1/2  mile  (about 
0.6  mile).  The  basic  unit  of  volume,  the  liter,  is  a 
little  larger  than  a  quart  (about  1.06  qt).  The 
weigh^  of  a  liter  of  pure  water  is  1  kilogram, 


Militates  and  Submultiples 

Prefixes 

Symbol* 

1  000  000=  106 

mega  {meg'  a) 

M* 

1  000=  ic1 

kilo  (kD  '  o) 

k* 

100=  101 

hecto  (hek '  to) 

h 

10=  10 

deka  (dek'a) 

da 

0.1  «  10*1 

deci  (des '  i) 

d 

0.01  =  io-1 

centi(seV;'v 

c* 

0.001  -  io-3 

milli(mUT) 

m* 

0.000  001  =  10"* 

micro  (mi 'kro) 

*  MOST  COMMONLY  USED 


Figure  2-24,-Metric  lymrn  prefixes  and  their  symbols. 
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which  is  a  little  more  than  2  pounds  {about 
2.2  1b).  The  SI  unit  for  measuring  power,  the 
kilowatt,  is  somewhat  bigger  than  one 
horsepower  (about  1.2  hp). 

In  working  with  non-SI  units  and  SI  units,  it 
helps  to  have  a  reference  of  common  equivalent 
weights  and  measures.  Tables  2-1  through  2-5 
give  the  factors  you  multiply  by  in  order  to 
convert  a  non-SI  unit  to  an  SI  unit,  or  vice  versa. 
For  example: 

3  inches  =  3  x  25. 4  or  76.2  mm 

5  kilometers  =  5  x  0.6  or  3  miles 


Table  2*1.— Length  Conversion 


When 

You  Know: 

You 

Can  Find: 

If  You 

Multiply  By: 

Inches 

millimeters 

25.4 

inches 

centimeters 

2.54 

feet 

centimeters 

30 

feet 

meters 

0.3 

yards 

centimeters 

90 

yards 

meters 

0.9 

miles 

kilometers 

1.6 

miles 

meters 

1600 

millimeters 

inches 

0.04 

centimeters 

inches 

0.4 

centimeters 

feet 

0.032  8 

meters 

feet 

centimeters 

yards 

0.010  9 

meters 

yards 

1.1 

meters 

miles 

0.000  621 

kilometers 

miles 

*  0.6 

meters 

nautical  miles 

0.000  54 

nautical  miles 

meters 

1852 

Table  2*2. -Weight  Conversion 


When 

E  You 

If  You 

You  Know: 

«  Can  Find  . 

Multiply  By. 

ounces 

grams 

28.3  fl 

pounds 

kilograms 

0.45 

short  tons 

megagrams 

0.9 

(2000  lbs) 

(metric  tons) 

grams 

ounces 

0  035  3 

kilograms 

pounds  * 

2.2 

megagrams 

sh  or  t  tons 

(metric  tons) 

(2000  lbs)  5 

  _.    .  jt 

.  .-  J 

Table  2-3.-VoJume  Conversion 


When 

You 

If  You 

You  Know: 

Can  Find: 

Multiply  By. 

teaspoons 

milliliters 

& 

tablespoons 

milliliters 

15 

fluid  ounces 

milliliters 

30 

cups 

liters 

0.24 

pints 

liters 

0.4  7 

quarts 

liters 

0.95 

gallons 

liters 

3.6 

milliliters 

teaspoons 

0.2 

milliliters 

tablespoons 

0.067 

milliliters 
liters 

fluid  ounces 
-«*ttps 

0.034 
4.2 

liters 

pints  . 

2.1 

liters 

quarts 

\M 

liters 

gallons 

0.26 

cubic  feet 

cubic  meters 

0.026 

cubic  yards 

cubic  meters 

0,765 

cubic  meters 

cubic  feet 

35.3 

cubic  meters 

cubic  yards 

1.31 

Table  24.— Area  Conversion 


When 

)You  Know: 

You 

Can  Find: 

If  You 
Multiply  By: 

square  inches 
square  inches 
square  feet  * 
square  feet  „ 
square  yards' 
square  yards 
square  miles 
square  centimeters 
square  meters 
square  centimeters 
square  meters  \^ 
square  centimeters 
square  meters 
square  kilometers  * 

square  centimeters 
square  meters  * 
square  centimeters 
square  meters 
square  centimeters 
square  meten 
square  kilometers 
square  inches 
square  inches 
square  feet 
square  feet 
square  yards 
square  yards 
square  miles 

6.45 

0  000  6 
929  . 

0.092  9 
8  360 

0.836 

2.6 

0.155 
1  550 

0.001 
10.8 

0.000  12 

1.2 

0.4 

TaWe  2'5.-Temperature  Conversion 


When 

You  Know 

You 

Can  Find. 

If  You 

^  .  .  — 

degrees  Fahrenheit- 

Agrees  Celsius 

subtract  32  then 
multiply  by  5/9 

degrees  Ohms 

degrees  Fahrenheit 

multiply  by  9,' 5 
then  add  32 

degrees  Celsius 

kelvins 

add  273.15° 
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As  a  Builder,  your  woodworking  hand  and 
power  tools  are  essential  parts  of  the  trade.  You 
must  be  a  general  woodworking  craftsman  who 
is  able  to  use  and  maintain  effectively  a  large 
variety  of  shop  and  field  tools.  You  must  have, 
choose,  and  use  the  correct  tools  in  order  to  do 
your  work  quickly,  accurately,  and  safely. 
Without  the  proper  tools  and  the  knowledge  of 
how  to  use  them,  you  waste  time,  reduce 
efficiency,  and  may  even  injure  yourself, 

In  this  chapter,  several  of  the  most  common 
hand  and  power  tools  are  described  outlining 
their  uses,  general  characteristics,  attachments, 
safety  and  operating  features. 


HANDTOOLS 

After  reading  Tools  and  Vmr  Usrs, 
NAVPERS  10085-B,  you  should  be  familiar 
with  a  variety  of  basic  handtooK  However,  the 
fundamentals  of  using  certain  basic  wood- 
working and  Held  tools  will  be  discussed  further. 

THE  FRAMING  SQUARE 

The  FRAMING  SQUARE  is  one  of  the  most 
generally  used  tools.  The  problems^that  can  be 
solved  with  the  square  are  so  many  and  varied 
that  books  have  been  written  on  the  square 
alone*  Only  a  few  of  the  more  common  uses  of 
the  square  can  be  presented  here;  the  Builder 
who  desires  to  take  full  advantage  of  the 
square's  capacities  fw  solving  a  whole  host  of 
construction  problems  should  obtain  and  study 
one  of  the  books  on  the  square. 

The  framing  square  consists  of  a  wide,  long 
member  called  the  BLADE  and  a  narrow,  short 


member  called  the  TONGUI  .  which  forms  a 
right  angle  with  the  blade.  The  FACE  of  the 
square  is  the  side  one  sees  when  the  square  is 
held  with  the  blade  in  the  left  hand,  tongue  in 
the  right  hand,  heel  pointed  away  from  the 
body.  The  manufacturer's  name  is  usually 
stamped  on  the  face.  The  blade  is  24  in.  long 
and  2  in.  wide  and  the  tongue  vanes  from  14  to 
18m.  long  and  I  1/2  in,  wide,  as  measured  from 
the  outer  comer,  where  the  blade  and  the 
tongue  meet  I  his  comer  is  called  the  IN  Yl  of 
the  square 

The  outer  and  inner  edges  ot  the  tongue  and 
the  blade,  on  both  face  and  back,  are  graduated 
in  inches.  The  first  thing  you  must  do  is 
memorize  the  manner  in  winch  the  inch  is 
subdivided  in  the  scales  on  the  BA<  K  of  the 
square  Jn  the  scales  on  the  face,  the  mth  is 
subdivided  in  the  regular  units  of  carpenter** 
measure  (eights  or  sixteenths  of  an  inch).  On  the 
back  of  the  square,  the  outer  edge  ol  the  blade 
and  outer  edge  of  the  tongue  are  graduated  ilt 
inches  and  TWELFTHS  of  indies,  the  inner  edge 
of  the  tongue  is  graduated  in  inches  and 
TENTHS  of  inches,  and  the  inner  edge  of  the 
blade  is  graduated  in  inches  and  tlnrt ^seconds 
of  inches  on  most  squares. 

Common  uses  of  the  twelfth  and  tenth  scales 
on  the  back  of  the  framing  square  will  be 
described  later. 

Basic  Problems  Solved 
by  the  Framing  Square 

The  framing  square  *s  uved  most  frequently 
to  find  the  length  of  the  hypotenuse  (longest 
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side)  of  a  right  triangle  when  the  lengths  of  the 
other  two  side  are  known.  This  is  the  basic 
problem  involved  in  determining  the  length  of  a 
roof  rafter,  a  brace,  or  any  other  member  which 
forms  the  hypotenuse  of  an  actual  or  an 
imaginary  right  triangle. 

Figure  3-1  shows  you  how  the  framing 
square  is  used  to  determine  the  length  of  the 
hypotenuse  of  a  right  triangle  with  the  other 
sides  each  1 2  in,  long.  Plane  a  true,  straightedge 
on  a  boardt  and  set  the  square  on  the  board  so  as 
to  bring  the  12-in.  mark  On  the  tongue  and  the 
12-in.  mark  on  the  blade  even  with  the  edge  of 
the  board.  Draw  the  pencil  marks  shown  in  the 
second  view.  The  distance  between  these  marks, 
as'measured  along  the  edge  of  the  board*  is  the 
length  of  the  hypotenuse  of  a  right  triangle  with 
the  other  sides  each  12  in.  long.  You  will  find 
that  the  distance,  which  is  called  the  BRIDGh 
MEASURE,  measures  just  a  shade  under  1 7  in. 
To  be  exact,  it  is  16.97  in*,  as  shown  in  the 
figure*  but  for  most  practical  Builder's  purposes 
16,97  in,  may  beroundrd  off  to  17  m. 

UNIT  AND  TOTAL  RUN  AND  RISL.  [n 
figure  3-1  the  problem  could  be  solved  b>  a 
single  set  (called  a  CUT)  of  the  framing  square, 
because  the  dimensions  of  the  triangle  m 


L       /  _\ 

 16  97*   - 

133,47 

Figure  3^1. -Basic  Problem  solved  by  the  framing  square. 


question  he  within  the  dimensions  of  the  square. 
Now  suppose  that  you  are  tr>ing  to  find  the 
length  of  the  hypotenuse  of  a  right  triangle  with 
the  two  known  sides  being  48  in.  long  each. 
Lefs  assume  that  the  member  whosv  length  you 
are  trying  to  determine  is  rhc  brace  shown  in 
figure  3-2.  The  TOTAL  RUN  of  this  brace  is 
48  in.,  and  the  TOTAL  RISL  is  also  48  in. 

To  figure  the  length  of  the  brace,  you  first 
reduce  the  tnanglc  in  question  to  a  similar 
triangle  which  Js  within  the  dimensions  of  *he 
framing  square  The  length  of  the  vortical 
shorter  side  of  thii  triangle  is  called  the  UNIT 
Or  RISL,  and  the  length  of  the  horizontal 
shorter  side  is  tailed  the  UNIT  OF  RUN,  By  a 
general  custom  of  the  trade*  unit  of  run  is 
always  taken  as  1 2  in „  and  measured  on  the 
tongue  of  the  framing  square 

Sow,  if  the  total  run  is  48  in  •  the  total  rise 
48  in. t  and  the  unit  of  run  12  in.*  what  is  the 
unit  of  rise0  Well*  since  U;e  sides  of  similar 
trt angles  are  proportional,  the  unit  of  rise  must 
be  the  \alue  of  \  in  the  proportional  equation 
48  48  I  2  \  .In  ihis  uisc\  then,  the  unit  of  rise  is 
obviously  1  2  in. 

t  o  get  the*  length  of  the  hi  ate*  you  set  the 
framing  square  to  the  unit  of  run  '  I  2  in.)  on  the 
ioiUrje  and  to  the  unit  of  rise  (also  12  in.)  on 
the  blade  as  shown  in  figure  3-2,  and  then  "step 
off  this  cut  as  many  times  as  the  unit  of  run 
goes  into  the  total  run.  J n  this  ease  that  is  48/1 2* 
or  4  lime*,  as  shown  in  the  figure. 

Tins  problem  involved  a  situation  in  which 
the  total  run  and  told  nse  were  the  same,  from 
which  it  followed  that  the  unit  of  ren  and  unit 
of  nse  were  also  the  same.  Suppose  now  that 
you  want  to  know  the  length  of  a  brace  with  a 
total  run  of  60  in  and  a  total  nse  of  72  in*  Since 
(he  unit  of  run  is  1  2  in-  the  unit  of  n<£  must  be 
the  value  of  \  in  the  proportional  equation 
60,72  12  x.  When  you  work  tins  out,  you  will 
find  that  the  unit  of  nse  is  14.4  m.  This  is  near 
enough  to  14  3/8  in.  to  serve  any  practical 
purpose. 

To  lay  out  the  full  length  of  the  brace,  you 
sei  the  scjuare  to  ihe  unit  ol  nse  t 14  3'8  in.)  and 
thr  unit  of  run  (  !  2  in  J.  .iv  shown  in  figure  3-3 
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Hgur*  3-2,-"&epping  off  with  th«  framing  square, 


and  then  step  off  this  cut  as  many  times  as  the 
unit  of  run  goes  into  the  total  mn  (in  this  case 
60/12,  or  5  times). 

LINE  LENGTH. -If  you  do  not  go  through 
the  procedure  of  stepping  off,  you  can  figure  the 
total  length  of  the  member  in  question  by  first 
determining  the  BRIDGE  MEASURE,  The  line 
length  is  the  length  of  the  hypotenuse  of  a  right 
triangle  wi  th  the  other  sides  equal  to  the  unit  of 


run  and  the  unit  of  rise.  Take  ths  situation 
shown  in  figure  3*3,  for  example*  The  unit  of 
run  here  is  12  inM  and  the  unit  of  rise  is  14  3/8 
in.  Set  the  square  to  this  cut  as  shown  in  figure 
3-4,  and  mark  the  edges  of  the  board  as  shown 
If  you  measure  the  distance  between  the  marks, 
you  will  find  that  it  is  18  3/4  in, 

To  get  the  total  length  of  the  member,  you 
simply  multiply  the  bridge  measure  by  the 
number  of  times  that  the  unit  of  run  goes  into 
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Figure  3-3.- "Stepping  off"  with  the  tquare  when  the  unit  of  run  and  unit  of  rife  ere  different 
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graduation  on  the  twelfth  scale  to  represent  1  in. 
For  example:  2  6/12  in.  on  the  twelfth  scale 
may  be  taken  to  represent  2  ft  6  in. 

A  few  examples  will  show  you  how  the 
twelfth  scale  is  used.  Suppose  you  want  to  know 
the  total  length  of  a  rafter  with  a  total  run  of 
10  ft  and  a  total  rise  of  6  ft  5  in.  Set  the  square 
on  a  board  with  the  twelfth  scale  on  the  blade  at 
lOin.  and  the  twelfth  scale  on  the  tongue  at 
6  5/12  in,,  and  make  the  usual  marks.  If  you 
measure  the  distance  between  the  marks,  you 
will  find  it  to  be  11  1 1/12  in.  The  total  length  of 
the  rafter  is  11  ft  11  in. 

Suppose  now  that  you  know  the  unit  of  run, 
unit  of  rise,  and  total  run  of  a  rafter  and  you 
want  to  find  the  total  rise  and  the  total  length. 
Let  us  say  that  unit  of  run  and  unit  of  rise  are 
1 2  in,  and  8  in.,  respectively,  and  that  total  run 
is  8  ft  9  in-  Set  the  square  to  the  unit  rise  on  the 
tongue  and  unit  run  on  the  blade,  as  shown  in 
the  first  view  of  figure  3-5.  Then  slide  the  square 
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the  total  run.  Since  that  is  5  in  tHs  case,  the 
total  length  of  the  member  is  18  3/4x5,  or 
93  3/4  in.  Actually,  the  length  of  the 
hypotenuse  of  a  right  triangle  with  the  other 
sides  60  and  72  in.  long  is  between  93.72  in.  and 
93.73  in.t  but  93  3/4  in.  is  close  enough  for  any 
practical  purpose. 

Once  y^u  have  determined  the  total  length 
of  flie  meubcr,  all  you  need  to  do  is  measure  it 
off  and  make  end  cuts.  To  make  these  cuts  at 
the  proper  angles,  you  simply  set  the  square  to 
the  unit  of  run  on  the  tongue  and  unit  of  rise  on 
the  blade  and  draw  a  tine  for  the  cut  along  the 
blade  (lower  end  cut)  or  the  tongue  (upper  end 
cut). 

USING  THE  TWELFTHS  SCALE. -The 
graduations  in  inches  which  are  located  on  the 
back  of  the  square,  along  the  outer  edges  of  the 
blade  and  tongue,  are  called  the  TWELFTHS 
SCALE.  The  chief  purpose  of  the  twelfth  scale  is 
to  provide  various  shortcuts  in  problem  solving 
with  the  framing  square.  Since  the  scale  is 
graduated  in  inches  and  twelfths  of  inches* 
dimensions  in  feet  and  inches  can  be  reduced  to 
1/1 2th   of  size   by   simply   allowing  each 
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Figure  3-&.-Flndlng  total  riw  and  total  length  whan  unit 
of  run,  unit  of  rite,  and  total  run  ara  known. 
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to  the  right  until  the  8  9/1 2  in.  mark  On  the 
blade  (representing  the  total  nxn  of  8  ft  9  in.) 
comes  even  with  the  edge  of  the  board,  as  shown 
in  the  second  view*  The  figure  of  5  10/ 12  in. 
which  is  now  indicated  on  the  tongue  is 
one-twelfth  of  the  total  rise.  The  total  rise  is 
therefore  5  ft  10  in.  The  distance  between  pencil 
marks  (10  7/12  inches)  drawn  along  the  tongue 
and  the  blade  is  one-twelfth  of  the  total  length. 
The  total  length  is  therefore  10  ft  7  in. 

The  twelfths  scale  may  also  be  used  to  deter 
min$  dimensions  by  inspection  for  proportional 
reductions  or  enlargements.  Suppose,  for 
example,  that  you  have  a  panel  10  ft  9  in.  long 
by  7  ft  wide,  and  you  want  to  cut  a  panel  7  ft 
long  with  the  same  proportions.  Set  the  square 
as  shown  in  figure  3-5,  but  with  the  blade  at 
10  9/1 2  in.  and  the  tongue  at  7  in.  Then  slide 
the  blade  to  7  in.  and  read  the  figure  indicated 
on  the  tongue,  which  will  be  4  7/12  in.  The 
smaller  panel  should  then  be  4  ft  7  in.  wide. 

USING  THE  TENTHS  SCALE.-Tlie  scale 
along  the  inner  edge  of  the  back  of  the  tongue, 
which  is  graduated  in  inches  and  tenths  of 
inches,  is  called  the  TENTHS  SCALE.  This  scale 
can  be  used  with  the  scale  along  the  inner  edge 
of  the  back  of  the  blade  (which  is  graduated  in 
inches  and  sixteenths  of  inches)  to  determine 
various  proportions  by  inspection.  Suppose  that 
a  crew  can  excavate  44  linear  ft  of  trench  in  8 
hours.  How  many  feet  can  they  excavate  in 
3  l/4  hours?  Set  the  square  on  a  board  with  the 
tenth  scale  on  the  tongue  at  the  4.4-in.  mark  and 
the  scale  on  the  inner  edge  of  the  blade  at  the 
8-in.  mark.  Then  slide  the  blade  down  to  the 
3  1/4-in.  mark.  The  reiding  on  the  tenth  scale 
will  now  be  l.Cin.  Since  you  took  4.4  to 
represent  44,  1.8  must  represent  18,  and  the 
crew  should  therefore  be  able  to  excavate 
approximately  18  linear  ft  in  3  l/4  hours. 

USING  THE  HUNDREDTHS  SCALE. -The 
hundredths  scale  is  on  the  back  of  the  tongue,  in 
the  comer  of  the  square,  near  the  brace  table. 
This  scale  is  called  the  HUNDREDTHS  SCALE 
because  1  in.  is  divided  into  one  hundred  parts. 
The  longer  lines  indicate  25  hundredths  while 
the  next  shorter  lines  indicate  S  hundredths,  etc. 
By  using  dividers,  a  fraction  of  an  inch  can  be 
easily  obtained. 


The  inch  is  graduated  in  sixteenths,  and 
located  below  the  hundredths  scale;  therefore, 
the  conversion  from  hundredths  to  sixteenths 
can  be  made  at  a  glance  without  the  use  of 
dividers.  This  can  be  a  great  help  when 
determining  rafter  lengths,  using  the  figures  of 
the  rafter  tables  where  hundredths  are  given. 

USING  THE  OCTAGON  SCALE. -The 
OCTAGON  SCALE  (sometimes  called  the 
EIGHT-SQUARE  SCALE)  is  located  in  the 
middle  of  the  face  of  the  tongue.  The  octagon 
scale  is  used  to  lay  out  an  octagon  (8*sided 
figure)  in  a  square  of  given  even-inch 
dimensions.  The  procedure  is  as  follows. 

Suppose  you  want  to  cut  an  8*in.  octagonal 
piece  for  a  stair  newel.  First  square  the  stock  to 
8  by  8  inches  and  smooth  the  end*section,  and 
draw  crossed  centerlines  on  the  end-section  as 
shown  in  figure  3-6.  Then  set  a  pair  of  dividers 
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Figure  3-6.-Uting  the  octagon  tquare. 


Chapter  3  -WOODWORKING  SHOP  AND  FIELD  TOOLS 


to  the  distance  from  the  first  to  the  eighth  dot 
on  the  octagon  scale*  and  lay  off  this  distance  on 
either  side  of  the  centerlines  on  the  4  slanting 
sides  of  the  octagon. 

When  you  use  the  octagon  scale,  set  one  leg 
of  the  dividers  on  the  first  dot  and  the  other  leg 
on  the  dot  whose  number  corresponds  to  the 
width  in  inches  of  the  square  from  which  you 
are  cutting  the  piece.  This  distance  amounts  to 
one-half  the  length  of  aside  of  the  octagon. 

Using  the  Framing  Tables 
on  the  Framing  Square 

There  are  three  tables  on  the  framing  square* 
as  follows:  (1)  the  UNIT  LENGTH  RAFTER 
TABLE,  located  on  the  face  of  the  blade,  (2)  the 
BRACE  TABLE,  located  on  the  back  of  the 
tongue,  and  (3)  the  ESSEX  BOARD  MEASURE 
TABLE,  located  on  the  back  of  the  blade. 
Before  you  can  use  the  unit  length  rafter  table, 
you  must  be  familiar  with  the  different  types  of 
rafters  and  with  the  methods  of  framing  them. 
Consequently,  the  use  of  the  unit  length  rafter 
table  is  described  in  Chapter  10,  Roof  Framing, 
Tlie  other  two  tables  are  discussed  below, 

USING  THE  BRACE  TABLE, -The  brace 
table  sets  forth  a  series  of  equal  runs  and  rises 
for  every  3-unit  interval  from  24/24  to  60/60, 
together  with  the  brace  length,  or  length  of  the 
hypotenuse,  for  each  given  run  and  rise.  The 
table  can  be  used  to  determine  by  inspection  the 
length  of  the  hypotenuse  of  a  right  triangle  with 
equal  shorter  sides  of  any  length  given  in  the 
table. 

For  example-  m  the  segment  of  the  brace 
table  shown  in  figure  3-7,  you  can  see  that  the 
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Fwjure  3*7.— Brace  table. 


length  of  the  hypotenuse  of  a  right  triangle  with 
two  sides  24  units  long  is  33,94  units;  with  two 
sides  27  units  long.  38,18  units:  with  two  sides 
30  units  long*  42,43  unitst  and  so  on. 

By  applying  simple  arithmetic,  you  can  use 
the  brace  table  to  determine  the  hypotenuse  of  a 
right  triangle  with  equal  sides  of  practically  any 
even-unit  length.  Suppose  that  you  want  to 
know  the  length  of  the  hypotenuse  of  a  right 
triangle  with  two  sides  8  in,  long.  The  brace 
table  shows  that  a  right  rriangle  with  two  sides 
24  in,  long  has  a  hypotenuse  33,94  in,  long. 
Since  8  amounts  to  24/3,  a  right  triangle  with 
two  shorter  sides  8  in,  long  must  have  a 
hypotenuse  of  33,94/3,  or  11,31  in,  long. 

Suppose  you  want  to  find  the  length  of  die 
hypotenuse  of  a  right  triangle  with  two  sides 
40  in-  each.  The  sides  of  similar  triangles  arc 
proportional,  and  any  right  triangle  with  two 
equal  sides  is  similar  to  any  other  right  triangle 
with  two  equal  sides.  The  brace  table  shows  you 
that  a  right  triangle  with  the  two  shorter  sides 
being  30  in,  each  in  length  and  has  a  hypotenuse 
42,43  in,  long.  The  length  of  the  hypotenuse  of 
a  right  triangle  with  the  two  shorter  sides  being 
40  in,  each  in  length  must  be  the  value  of  x  in 
the  proportion^  equation  30:42.43/40  x,  or 
56,57  in. 

Notice  that  the  last  item  in  the  brace  table 
Uhe  one  furthest  to  the  right  in  fig,  3-7)  gives 
you  the  hypotenuse  of  a  right  triangle  with  the 
other  sides  18  and  24  units  long  respectively 
The  proportions  18. 24:30  are  those  of  the  most 
common  type  of  unequal-sided  right  triangle, 
which  is  called  the  "3-4-5"  right  triangle,  Any 
triangle  with  sides  in  the  proportions  of  3:4' 5 
must  be  a  right  triangle, 

USING  THE  ESSEX  BOARD  MEASURE 
TABLE,-Since  the  chief  practical  use  of  the 
board  measure  is  in  connection  with  lumber 
costs,  you  may  not  have  much  use  for  the  Essex 
board  measure  table,  The  table  makes  it  possible 
for  you  to  determine  by  inspection  the  board 
measure  of  a  1-in,  thick  piece  of  given  length 
and  width,  A  segment  of  the  table  is  shown  in 
figure  3-8. 

The  melt  graduations  above  the  table  (1,2, 
3,  4,  and  so  on)  represent  the  width  in  inches  of 
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Figure  3-8.~Sogm*nt  of  Ewax  board  measure  table. 


the  piece  to  be  measured.  The  figures  under  the 
12*in.  graduation  (8,  9,  10,  11,  13,  14,  and  15, 
arranged  in  column)  represent  lengths  in  feet 
The  figure  12  itself  represents  a  12-ft  length. 
The  column  headed  by  the  figure  12  is  the 
starting  point  for  all  calculations. 

To  use  the  table,  run  down  the  figure  12 
column  to  the  figure  that  represents  the  length 
of  the  piece  in  feet.  TJien  run  horizontally  to  the 
figure  which  is  directly  below  the  inch  mark  that 
corresponds  to  the  width  of  the  stock  in  inches. 
The  figure  you  find  will  be  the  number  of  board 
feet  and  twelfths  of  board  feet  in  a  1-in.  thick 
piece  of  given  length  and  width. 

For  example,  suppose  you  want  to  figure 
the  board  measure  of  a  piece  10  ft  long  by  9  in, 
wide  b>  1  in,  thick.  Run  down  the  column 
headed  by  the  12-in,  graduation  to  10,  and  then 
run  horizontally  to  the  left  to  the  figure  directly 
below  the  9^in,  graduation.  You  will  find  the 
figure  to  be  7.6  or  7  6/1  2  bd  ft. 

What  do  you  do  if  the  piece  is  more  than 
1  in,  thick?  Obviously*  all  you  have  to  do  is 
multiply  the  result  obtained  for  a  1-in.  piece  by 
the  acmal  thickness  of  the  piece  in  inches.  For 
example:  if  the  board  described  in  the  preceding 
paragraph  were  5  in.  thick  instead  of  1  in,  thick, 
you  would  follow  the  procedure  described  and 
then  multiply  the  result  l)y  5, 

The  board  measure  scale  can  be  read  only 
for  pieces  from  8  to  15  ft  in  length,  inclusive.  If 
your  piece  is  longer  than  15  ft,  you  can  proceed 
in  one  of  two  ways.  If  the  length  of  the  piece  is 
evenly  divisible  by  one  of  the  tabulated  lengths 
in  the  table*  you  can  read  for  that  length  and 
multiply  the  result  by  the  number  of  times  that 
the  tabulated  length  goes  into  the  length  of  the 


piece.  For  example:  suppose  you  want  to  find 
the  number  of  board  feet  in  a  piece  of  33  ft  long 
by  7  in.  wide  by  1  in,  thick.  Since  33  is  evenly 
divisible  by  1 1,  go  down  the  12  in,  column  to  1 1 
and  then  run  left  to  the  7  in.  columr-.  The  figure 
given  there  (which  is  6  5/12  bd  ft  is  one-third  of 
the  number  of  bd  ft  in  a  piece  33  ft  long  by  7  in, 
wide  by  1  in,  thick.  The  total  number  of  bd  ft  is 
6  5/12  x  3  or  19  3/12  bd  ft. 

If  the  length  of  the  piece  is  not  evenly 
divisible  by  one  of  the  tabulated  JengtliSf  you 
can  divide  it  into  two  tabulated  lengths,  read  the 
table  for  these  two,  and  add  the  results  together. 
For  example:  suppose  you  want  to  find  the 
board  measure  of  a  piece  25  ft  long  by  10  in. 
wide,  by  1  in,  thick.  This  length  can  be  divided 
into  10  ft  and  15  ft.  The  table  shows  that  the 
10-ft  length  contains  8  4/12  bd  ft  and  the  15*ft 
length  12  6/12  bd  ft.  The  total  length,  then, 
contains  8  4/12  plus  12  6/1 2,  or  20  10/12  bd  ft, 

MITER  BOX 

A  MITER  BOX  permits  sawing  a  piece  of 
stock  to  a  given  angle  without  lading  out  a  line. 
The  standard  initei  box  will  cut  wood  stock  up 
to  4  in.  thick  and  8  in.  wide,  but  it  is  normally 
used  for  light  carpentry  work*  such  as  interior 
finishing.  Although  the  miter  box  can  be  used  to 
cut  any  desired  angle,  it  must  be  checked  for 
correct  adjustment,  thus  reducing  possible 
inaccurate  cuts.  Figure  3*9  illustrates  a  typical 
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Figure  3*9.-Steel  miter  box. 
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steel  miter  box  that  can  be  set  and  used  to  cut 
wood  stock  at  any  desired  angle. 


LEVELS 


The  term  "level"  usually  describes  a 
horizontal  surface  which,  throughout  its  extent, 
lies  on  a  line  corresponding  to  that  of  the 
horizon.  The  term  ^lurnb"  means  vertical,  or  at 
right  angles  to  level.  Instruments  at  your 
disposal  tor  checking  levelness  are  the  line  level 
and  the  carpenter's  level. 


Une  Level 


The  UNE  level  (fig>  3-10)  consists  of  a 
bubble  tube  set  into  a  metal  case  with  a  hook  at 
each  end  to  permit  it  to  be  hung  on  a  line  or 
cord. 

The  line  level  is  used  to  test  whether  a  line 
or  cord  is  level.  It  is  particularly  useful  when  the 
distance  between  two  points  to  be  checked  for 
level  is  too  long  to  permit  the  use  of  a  board  and 
the  carpenter's  level.  However,  the  line  level  will 
show  a  disadvantage  at  a  long  distance  because 
the  line  has  a  tendency  to  sag.  To  use  the  level* 
stretch  a  cord  between  the  two  points  which  are 
to  be  checked  for  level.  Hang  the  line  level  on 
the  cord  and  see  whether  the  bubble  is  in  the 
middle  of  the  tube.  If  it  is  not,  raise  the  end  of 
the  cord  which  is  toward  the  lower  end  of  the 
bubble  until  the  bubble  rests  in  the  middle  of 
the  tube.  Unhook  the  level  and  turn  it  end  for 
end,  hang  it  on  the  cord,  and  retest.  Continue 
testing  until  the  bubble  rests  in  the  same  relative 
position  in  its  tube  when  the  level  is  turned  end 
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Figure  3-10, -Line  teval. 


for  end.  Remember,  to  make  the  bubble  rise  in 
the  tube*  lift  that  end  of  the  cord  which  is 
toward  the  lower  end  of  the  bubble. 

The  line  level  is  a  delicate  instrument; 
therefore,  it  must  be  kept  in  a  box  when  not  in 
use,  to  protect  the  bubble  tube  from  being 
broken  and  the  hooks  from  being  bent.  Never 
clean  the  level  with  water  or  any  liquid  because 
condensation  will  appear. 


Carpenter's  Level 


The  CARPENTER'S  level  (fig.  3-11)  is 
usually  24  in.  long  and  made  of  wood  or 
lightweight  metal  with  true-surface  edges.  There 
are  normally  two  or  three  bubble  tubes  in  it. 
The  horizontal  bubble  tube  is  centered 
lengthwise.  The  other  one  or  two  {vertical 
bubble  tubes)  are  parallel  to  the  short  edges  of 
the  level. 

Bubble  tubes  are  glass  tubes  nearly  filled 
with  alcohol.  They  are  slightly  curved.  As  a 
bubble  of  air  in  such  a  tube  will  rise  to  the 
highest  poini,  tlie  bubble  will  take  its  place  in 


u 
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Figure  3-11.— Leveling  a  bench  with  a  carpenter*!  level. 
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the  middle  of  the  tube  when  the  tube  is  in  a 
horizontal  position. 

Scratch  marks  at  equal  distances  from  the 
middle  of  the  tube  mark  the  proper  position  of 
the  bubble  when  the  surface  on  which  the  tube 
rests  is  level.  To  test  for  levelness  of  a  surface, 
lay  the  carpenter's  level  on  the  surface  and  see 
where  the  bubble  comes  to  rest.  If  the  surface  is 
level  and  the  level  is  in  adjustment,  it  will  come 
to  rest  exactly  between  the  two  scratch  marks 
mentioned  above.  Turn  the  level  end  for  end  and 
recheck.  The  bubble  should  come  to  rest  in  the 
same  place  If  it  does  not,  raise  the  end  of  the 
surface  being  tested  which  js  toward  the  low  end 
of  the  tube  until  it  checks  level 

To  check  for  plumb,  set  the  long  side  of  the 
carpenter's  level  against  the  upright  to  be  tested 
and  use  the  bubble  which  is  set  in  the  end  in  the 
same  #a>  as  described  above.  Turn  the  level  end 
for  end  to  insure  accuracy,  as  mentioned  3bove. 


TAPE 


The  tape  (fig,  3-12)  is  a  steel  ribbon* 
normally  3/8  in.  in  width,  ranging  from  6  to 
100  ft  in  length.  It  is  graduated  in  feet,  inches, 
and  fractions  of  an  inch  down  to  1/16  inch.  One 
end  of  the  tape  is  fastened  to  a  reel  which  is 
housed  in  a  metal  box  provided  with  a  slot 


through  which  the  other  end  of  the  tape 
protrudes.  This  end  has  a  metal  ring  or  hook 
attached  to  it.  The  ring  will  not  pass  through  the 
slot  in  the  case,  thus  it  forms  a  handle  by  which 
the  tape  may  be  drawn  from  the  case. 

To  measure  with  the  tape,  hold  the  ring  end 
at  the  starting  point,  either  by  slipping  it  over  a 
nail  or  by  other  means.  Walk  in  the  direction  to 
be  measured,  letting  the  tape  be  pulled  from  the 
case  as  you  walk.  Stretch  the  slack  out  of  the 
tape,  making  sure  it  is  parallel  to  the  surface  or 
edge  to  be  measured.  Read  the  graduation  which 
falls  at  the  end  of  the  distance  to  be  measured. 

Reel  the  tape  back  into  its  case  whenever  it 
is  not  actually  being  used.  Do  not  permit  the 
tape  to  be  kinked.  It  is  easily  kinked  by  being 
used  for  measuring  around  comers  or  by 
permitting  a  vehicle  to  run  over  it.  Keep  the  tape 
lightly  oiled.  If  it  gets  wet  or  damp*  it  will  stain 
or  rust  making  it  difficult  to  read.  Wipe  it 
thoroughiy  dry  and  oil  it  before  returning  it  to 
its  case, 

CHALK  LINE 

Long  straight  lines  between  distant  points  on 
surfaces  are  marked  by  snapping  a  CHALK 
LINE,  as  shown  in  figure  3-13,  The  line  is  first 
chalked  b>  holding  the  chalk  in  the  hand  and 
drawing  the  line  across  it  several  times.  It  is  then 
stretched  between  the  point*  and  snapped  as 
shown.  For  an  accurate  snap*  never  snap  a  chalk 
line  over  a  20-ft  distance.  The  Jialk  line  may  be 
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Figure  3-1 3,-Siwpping  a  chalk  line, 
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Figure  3-1 2- -Steel  tape. 
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designed  with  reels  which  are  enclosed  within  a 
metal  or  plastic  case  containing  powdered  chalk* 
allowing  the  line  to  be  coated  with  the  chalk  as 
it  is  withdrawn  from  the  reel. 

SAW-SHARPENING  EQUIPMENT 

The  saw  vise  (view  A,  fig.  3-14)  is  a  special 
vise  or  clamp  with  long  jaws  designed  for 
securing  saw  blades  while  they  are  being  filed.  It 
has  a  handle  on  front  which  only  needs  putting 
away  from  the  vise  in  order  to  open  the  jaws. 
Oosing  the  handle  puts  pressure  on  the  jaws  of 
the  vise  by  means  of  a  cam*  so  that  the  blade  of 
the  saw  is  held  securely. 

The  vise  is  held  to  the  workbench  by  means 
of  a  clamp  (view  A,  fig.  3-14).  The  clamping 
assembly  is  equipped  with  a  turnscrew  to  hold  it 
securely  to  the  bench  and  a  wing  nut  which 
permits  the  vise  to  be  set  at  various  angles  to  the 
clamp. 

The  file  holder  (view  A,  fig.  3-14)  consists  of 
a  wooden  handle  to  which  is  attached  a 
triangular  file,  A  pair  of  clamping  screws  on  the 
file  holder  fastens  the  frame  to  rhe  jaws  of  the 
vise.  It  Ciin  be  adjusted  to  hold  the  file  at  any 
desired  angle  to  the  teeth  being  filed,  A  clamp 
on  the  top  of  the  frame  permits  the  file  to  be 
held  at  any  position  along  the  blade. 

The  saw  set  (view  Bt  fig.  3-14)  is  a  tool 
which,  by  means  of.  a  plunger  and  anvil  bends 
the  teiith  of  the  saw  outward  to  make  the  kerf 
wider  than  the  thickness  of  the  blade  of  the  saw. 

The  reconditioning  kit  for  large  crosscut 
saws  consists  of  a  jointer*  whreh  is  a  file  holder 
by  which  a  fiat  or  mill  file  can  be  held  and 
guided  while  jointing  the  saw;  two  gages*  one  for 
the  raker  tooth  and  one  for  checking  the  set  of 
the  teeth;  and  a  setting  block  (frequently  called 
a  stumping  tool). 

There  are  five  basic  steps  involved  in  the 
sharpening  of  a  saw:  Jointing*  shaping,  setting, 
filing*  and  dressing, 

JOINTING  is  always  the  first  step.  Its 
purpose  is  to  make  all  the  teeth  the  same  height. 
First  place  the  saw  in  the  vise*  and*  with  a  flat 
file  held  in  the  jointing  toot,  file  lengthwise  from 
heel  to  toe  of  the  saw  until  a  ^at  top  has  been 
filed  on  rhe  tip  of  each  tooth  (fig,  3-15),  On  the 
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Figure  3-14,— Ssw-tharpentng  equipment, 


large  crosscut  saws,  the  raker  teeth  arc  filed 
about  l/64th  in,  shorter  than  the  cutting  teeth, 

SHAPING  is  done  only  when  the  teeth  are 
unevenly  spaced  or  shaped.  To  shape,  tile  the 
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Figure  3-15.— Jointing  a  $aw  blade. 


teeth  with  a  tapered  file  to  a  sharp  point*  the 
gullet  wet)  rounded,  and  the  teeth  filed  straight 
across,  not  rounded.  In  filing  the  ripsaw,  in 
addition  to  adjusting  the  saw  for  the  angles 
shown  in  view  A,  figure  3-I6,  lower  the  file 
handle  about  2  inches  to  give  a  bevel  on  the  top 
of  the  teeth  which  kan  away  from  you.  For  the 
crosscut  handsaw,  the  front  of  the  tooth  should 
be  filed  with  an  angle  of  I5d  from  the  vertical, 
while  the  back  slope  should  be  45*  with  the 
vertical  (view  B,  fig.  3-I6).  Disregard  the  bevel 
of  the  teeth*  and  file  straight  across  at  right 
angles  to  the  blade  with  the  file  well  down  in  the 
gullet  while  shaping.  If  the  teeth  are  of  unequal 
si2e.  file  the  teeth  with  the  largest  flat  tops  until 
the  center  of  the  fiat  tops  made  by  jointing  is 
reached.  Then  move  the  file  to  the  next  gullet 
and  file  until  the  rest  of  the  flat  top  disappears 
and  the  tooth  has  been  brought  to  a  point.  Do 
not  bevel  the  teeth  while  jointing.  The  teeth  are 
now  ready  for  setting. 

In  SETTING,  particular  care  must  be  taken 
to  iee  that  the  set  is  regular,  it  must  be  the  same 
*idth  for  the  entire  length  of  the  blade  and  the 
sjjnc  width  on  both  sides  of  the  blade.  The 
depth  should  never  be  more  than  half  the  depth 
of  the  tooth.  If  the  set  is  made  deepen  tt  may 
spring,  crimp*  crack  the  blade,  or  break  out  the 
teeth. 

To  tft  the  handsaw,  the  saw  set  is  placed 
uver  the  blade  uu  that  the  guides  are  over  the 
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Figuro  3»16.~Anglat  of  uw  tttrth* 


teeth  with  the  anvil  behind  the  tooth  to  be  set 
(view  D,  fig.  3-17).  The  anvil,  with  its  bevel  at 
the  top,  is  held  in  the  frame  by  means  of  the 
setscrew.  The  handles  are  now  pressed  together* 
The  plunger  will  press  the  tooth  against  the  anvil 
and  bend  it  to  the  angle  of  the  bevel  of  the  anvil. 
Each  tooth  is  set  in  thts  manner,  alternating  to 
either  stde  of  the  blade. 

To  FILE  the  handsaw  (fig,  3-18),  place  the 
saw  in  the  vise  with  the  handle  to  the  left,  Begin 
to  file  at  the  heel.  At^ust  the  file  holder  so  that 
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Figure  3-17* -Jointed  end  thaped  laeth,  and  u$o  of  uw 
*ei. 
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Figure  3- 16-*  rilrn9  the  handtaw 


Die  rile  held  at  liit-  proper  angle  <k  diuwn  in 
Mew  B.  htmre  3-  i b  and  th jt  the  file  is  between 
two  teeth  File  both  teeth  at  once  with  one  or 
more  >troke>  of  the  Jilc  Work  down  the  whole 
Jutting  the  file  by  means  of  the  clamp  On 
the  top  t>t  tlie  hlc  holdei  Tlien  turn  the  saw 
around  m>  tint  the  handle  ft  to  the  right, 
readjust  the  life  holder,  and  work  d'*v;n  the 
enure  length  >l  !luh  saw 


Dressing  of  the  saw  is  necessary  only  when 
there  are  burn  left  on  the  side  of  the  teeth  by 
filing.  These  burrs  cause  the  saw  to  work  in  a 
ragged  fashion.  They  are  removed  by  laying  the 
saw  on  a  flat  surface  and  running  an  oilstone  or 
fine  file  lightly  across  the  side  of  the  teeth.  Make 
sure  both  rows  of  teeth  are  of  the  same  length. 
If  they  are  not,  the  saw  will  curve  as  it  cuts.  Set 
he  teeth  before  filing  to  avoid  damage  to  the 
cutting  edges.  Nev^r  make  the  depth  of  the  set 
more  than  half  that  of  the  tooth  itself. 


EQUIPMENT  FOR  HOLDING  WORK 

A  woodworking  BENCH  VISE,  designed  for 
holding  worK  for  planing,  sawing,  or  chiseung  on 
the  bench  is  shown  in  figure  3-1 9+  Turning  the 
SCREW  by  means  of  the  HANDLE  causes  the 
MOVABLE  JAW  on  the  vise  to  move  tn  or  out 
on  the  SLIDE  BARS  (sometimes  ealLd  the 
GUIDE  BARS),  On  a  vse  with  a  CONTINUOUS 
SCREW,  the  movable  jaw  must  be  threaded  all 
the  way.  On  a  vise  with  an  INTERRUPTED 
SCREW  (which  is  called  a  OUlCK-ACTlNG  vise) 
the  movable  j-tw  can  be  moved  rapidly  in  or  oue 
when  the  screw  is  in  a  certain  position.  When  the 
jaw  is  in  the  desired  position  against  the  work, 
the  quieksieting  vise  can  be  tightened  b>  a 
partial  turn  of  the  handle. 
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Figure  3-1 9+- Woodworking  fc»nch  vm. 
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Most  woodworking  vises  are  equipped  with  a 
DOG  as  shown  in  the  figure.  The  dog*  which  can 
be  raised  as  shown  or  lowered  flush  with  the  top 
of  the  vise*  is  used  in  conjunction  with  3  BENCH 
STOP  to  hold  work  which  is  too  wide  for  the 
maximum  span  of  the  vise. 

Sometimes  a  bench  is  equipped  with  two 
vises,  so  that  long  work  can  be  held  at  both 
ends.  When  this  is  the  case,  the  principal  vise  is 
called  the  SIDE  VISE  and  the  auxiliar>  vise  the 
TAIL  VISE. 


Figure  3-2G,-8ench  hoo!;. 
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The  screws  and  slide  bars  on  vises  should  be 
lubricated  regularl>  with  preservative  lubricating 
oil.  Never  hammer  the  jaws  of  a  vise,  and  never 
use  a  woodworking  vise  to  hold  a  tnetal  article. 
Never  use  a  piece  of  pipe  or  similar  device  to 
increase  the  leverage  of  the  handle.  There  is 
danger,  not  only  of  breaking  the  handle,  but  also 
of  damaging  the  screw  and  the  jaws. 

Always  keep  the  jaws  0n  a  handscrew 
parallel  to  each  other,  Tightening  the  handscrew 
with  the  jaws  cocked  will  bend  the  spindles  an<? 
damage  the  jaws.  NEVER  use  anything  but  the 
hands  to  tighten  the  spindles.  Keep  the  jaws  well 
varnished  to  protect  the  wood. 

A  BENCH  HOOK  (fig.  3-20)  is  a  wooden 
device  for  holding  work  for  backsawing. 

The  SAWHORSE  might  be  called  the  carpen- 
ter s  portable  workbench  and  scaffold.  If  you  do 
not  already  have  a  gjpcd  sawhorse  you  will  have 
to  make  one,  and  the  layout  par*  of  thejob  will 
give  you  an  idea  of'the  'practical  use  you  can 
make  of  the  framing  square.  A  working  drawing 
for  a  good,  sturdy  sawhorse  is  shown  in  figure 
3-21.  A  few  pointers  on  the  layout  part  of  the 
job  are  as  follows: 

The  first  layout .problem^s  laying  off  the 
end  cuts  for  the  legs.  If  you  think  about  it  for  a 
moment  while  examining  the  drawing,  you"  will 
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see  that  there  is  a  right  triangle  involved  here, 
with  a  total  rase  of  24  in,  (vertical  height  of  the 
sawhorse)  and  a  total  run  of  4  in.  (amount  that 
the  top  of  the  leg  u  set  away  from  the  end  of 
the  top),  To  get  the  correct  end  cuts,  then,  you 
set  the  square  to  4  in.  on  the  tongue  and  24  in. 
on  the  blade,  as  shown  in  figure  3-22.  How  long 
a  piece  will  you  need  to  start  with?  Well,  if  you 
measure  the  hypotenuse,  as  shown  in  the  figure, 
you  will  find  that  the  length  of  the  finished 
piece  will  be  a  little  more  than  24  1/4  in.  You 
better  start  with  a  piece  about  26  in.  long. 

Mark  the  left-hand  end-cut  aiong  the  tongue, 
and  mark  the  point  where  the  end  of  the  blade 
contacts  the  edge  of  the  piece  at  the  opposite 
end.  Then  turn  the  square  over  and  mark  the 
opposite  end-cut  as  shown  Saw  off  the  ends  and 
use  the  p;ece  Jb  a  pattern  for  laying  out  the 
end-cuts  on  the  other  three  legs. 

The  next  problem  ib  to  !av  off  the  SIDE 
CUTS  on  the  leg*-  Once  again  tilers  is  a  right 


triangle  involved,  and  ome  again  the  total  rise  is 
24  in,  (vertical  height  oJ  the  sawhorse),  The 
total  run  is  a  little  harder  to  figure.  If  you  study 
figure  3-21  closely,  >ou  will  see  that  the  total 
run  must  amount  t  ^  one-half  the  span  ot  the  legs 
(I5m+  divided  by  2.  or  7  1/2  in.)  minus  the 
horizontal  thickness  oi  the  leg  (you  can  call  that 
3/4  tn-)>  and  minus  one-half  the  ACTUAL  width 
of  the  top  a  iZv\  4  is  usually  only  about 
3  3/4  in.  wide,  and  half  of  that  is  !  7 '8  in  K  less 
the  depth  of  the  top  of  the  gain,  which  is  shown 
m  the  drawing  to  be  3/8  in. 

If  ycu  can't  quite  see  why  this  is  so,  study 
the  simplified  drawing  in  fjguie  3-21  where  the 
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Figure  3  22  -L<*ymg  off  am)  cuts  tot  legs 
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FtQur*  1  23  —  Sasrr  triangle  for  end  cuts  for  Pegs. 
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Figure  3  24  -LdYing  off  side  cuts  for  leg$. 


bjsiL  trungle  >ou  are  solving  is  shaded  in.  If  you 
work  out  the  arithmetic  in  the  previous 
paragraph*  you  will  find  that  the  total  run  is 
5  1/4  in.  To  lay  off  the  side  vats  for  the  legs, 
then*  you  set  the  square  to  5  1/4  in.  on  the 
tongue  and  24  in.  on  the  blade,  on  the  edge  of  a 
leg,  as  shown  in  figure  3-24,  Mark  a  line  along 
the  tongue,  carry  the  line  across  the  face  of  (he 


piece>  parallel  to  the  line  of  the  end-cut,  and 
bevel  the  end  down  to  the  line  with  a  plane. 

To  lay  out  the  gain  on  the  side  of  the  top, 
first  set  the  top  of  a  leg  in  place  against  the  side, 

4  in,  from  the  end,  as  shown  in  figure  3-25,  top 
view,  and  draw  the  lines  for  the  sides  of  the  gain. 
Then  use  the  marking  gage  to  score  a  line  3/8  in, 
from  the  edge  to  the  top,  and  chisel  out  the  gain 
as  indicated  in  the  lower  view. 

The  set  of  the  framing  square  for  the  edges 
of  the  1  by  10  end  piece  is  the  same  as  the  set 
for  the  side  cuts  of  the  legs;  a  study  of  figure 
3-23  will  show  you  why.  Select  a  piece  that  is 
ACTUALLY  10  in.  wide,  and  lay  off  the  line  for 
one  of  the  edges  as  shown  in  figure  3*26,  Since 
you  would  not  be  able  to  end-for-end  the  square 
to  get  the  tine  for  the  other  edge  in  this  case*  the 
best  way  to  lay  that  line  off  is  to  set  t£ie  T-bevel 
to  the  other  line,  measure  off  the  prescribed 

5  1/2  in.  along  the  bottom*  reverse  the  T*bcvcl, 


\ 

\ 

\ 


TIL 


:-,4 
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Figure  %  25.-LaYmg  out  the  ows  for  the  legs. 
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Figure  3  26  -Laying  off  the  \  x  10  end  piece. 


3  16 


70 


Chapter  3  WOODWORKING  SHOP  AND  FIELD  TOOLS 


St  ,  ' 


s£i  it  to  the  mark,  and  lay  off  the  line  as 
indicated  m  figure  >26, 

f  he  set  of  the  framing  square  for  the  edge 
cuts  for  the  1  by  10  tray  is  also  $  1/2  in.  on  the 
tongue  and  24  in  on  the  blade,  but  the  best  way 
to  fit  the  tray  is  to  set  it  in  place  and  mark  it 
after  the  top.  legs,  and  end  pieces  nave  been 
^swmbled,  Lse  8-penny  coated  ^ah'anized  rails 
to  nail  the  pieces  together 


POWER  TOOLS 


\our  duties  as  a  Builder  will  also  involve 
developing  and  improving  your  skills  and 
techniques  when  working  with  different  power 
tools,  Therefore,  in  this  section  we  will  identify 
and  discuss  the  most  common  power  tools  that 
are  found  in  the  Builder's  workshop.  We  will 
alio  discuss  sjfety  precautions  as  they  relate  to 
the  particular  power  tool  unde~  discussion.  You 
must  Keep  in  mind  and  continually  stress  to 
your  crew  that  woodworking  p^ver  tools  can  be 
dangerous  and  that  safety  is  everyone's 
responsibility 


TRAILER -MOUNTED 
FIELD  SAW 


like  all  trailer-mounted  field  saws  used  by 
the  SI  Alii  I  S.  model  kH-295*  shown  m  figure 
is  designed  to  operate  under  adverse 
chmalK  conditions.  Being  self-contained,  it  is 
especially  suited  for  use  in  remote  locations.  Not 
oiiK  e:in  it  furnish  electnc  power  for  a  normal 
sawing  load,  hut  also  power  for  floodlights  and 
smaller  tools  The  basic  unit  consists  of  a  diesel 
engine  and  generator  set,  electrical  equipment, 
engine-Generator  control  paneh  distribution 
panel  and  radial  overarm  saw, 

lite  diesel  engine  and  generator  set  (fig 
J  is  !ocaie<:  at  the  front  of  the  unit„  the 
^mane-genera  lor  control  panel  (fig  3-2$)  on  the 
riuhi  side,  am!  Elk-  distribution  panel  (fig  3-3G) 
j^   The  h-ft   side    Ine  eleetneal  equipment 


(extension  cords  and  floodlights)  are  located  in 
the  storage  boxes  on  the  right  side  of  the  unit. 
The  radial  overarm  saw  is  a  typical  shop  type 
saw  with  few  modifications  for  field  use.  All 
components  of  the  basic  unit,  except  the  radial 
overarm  saw,  are  covered  by  a  weatherproof 
sheet-metal  housing.  The  radial  overarm  saw  is 
protected  by  a  canvas  cover.  Figure  3-31  shows 
it  mounted  on  a  field  trailer. 

The  Held  trailer  is  a  two-wheel  unit  having  a 
retractable  fnant  stand,  two  retractable 
stabilizing  jacks  at  th«  rear  for  leveling  and 
maintaining  the  radial  overarm  saw  in  its 
operating  position,  safety  towing  chains,  two 
parking  brakes,  left  and  right  roller  conveyor 
tables,  grounding  rod,  and  a  12-volt  vehicle 
lighting  system. 


Preparation  For  Use 

When  getting  the  trailer-mounted  saw  ready 
foi  use,  thoroughly  inspect  the  complete  unit 
for  any  loose  connections,  particularly  the  fuel 
and  electrical  systems.  Tighten  loose 
connections,  parts,  bolts.  nuts,  and  other 
hardware  Also  inspect  for  evidence  of  damage 
to  meter  glasses,  lights,  and  other  breakable 
parts,  Check  to  see  that  trailer  tires  are  properly 
inflated  Operate  movable  control  devices  bv 
hand,  making  sure  they  operate  freely. 

Be  sure  to  fill  the  engme  lubricating  system 
with  the  proper  grade  of  oil  and  tc  the  level 
recommended.  Check  the  air  cleaner  {dry  type! 
on  the  engine  for  any  dirt  or  dust  that  may  hav<* 
accumulated  m  the  air  cleaner  filter  I  ill  ihe  fuel 
tank  with  suitable  diesel  fuel 

Make  sure  the  trailer-mounted  field  sjw  i<* 
suitably  located  where  there  t:>  adequate 
operating  n>om  and  ventilation  for  dissipation  of 
engine  heat  and  exhaust.  Position  the  trailer  on 
Ulvel  ground  Set  the  brakes  by  pulling  forward 
the  hand-brake  levers  in  the  front  of  tlie  trailer 
Lower  the  stabilising  lacks  in  the  rear  of  the 
trailer  until  the  trailer  is  level  tfig  3-.>7f  Put 
blocks  hi  front  ol  the  trailer-wheels  Remote  the 
grounding  rod  from  its  stowed  position  and  then 
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ITEM 
NUMBER 

t 
2 
3 
4 
5 
6 
7 
8 
9 

10 


DESCRIPTION 

10  KW  GENERATOR. 
FOUR  CYLINDER  DIESEL  ENGINE* 
ENGINE  OIL  FILTER- 
PUMP  GOVERNOR* 

ENGINE  THROTTLE  ADJ.  (VERNIER  CONTROL). 

ENGINE  FUELINJECTION  PUMP. 

DIESEL  FUEL  SUPPLY  VALVES, 

ENGINE  FUEL  FILTER* 

ENGINE  SILENCER* 

ENGINE  AIR  CLEANER- 


Figure  3-2&-Dte*el  engine  and  geiwretor  unit, 
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ITEM 

JTEM 

NUMBER 

DESCRIPTION 

NUMBER 

DESCRIPTION 

t 

ENGINE,  GENERATOR  CONTROL 

11 

TROUBLE  LIGHT  RECEPTACLE. 

PANEL  HOUSING. 

12 

FAILURE  INDICATOR  LIGHT. 

2 

ENGINE  WATER  TEMPERATURE  GAGE, 

13 

PANEL  LIGHTS  OFF  ON  SWITCH. 

3 

ENGINE  OJL  PRESSURE  GAGE. 

14 

120  V,  15  AMP  OUTLET  RECEPTACLES. 

4 

GENERATOR  VOLTMETER  SWITCH. 

15 

ENGINE  GENERATOR  OPERATING 

5 

ENGINE  AMPERES  GAGE. 

TIME  METER. 

6 

ENGINE  OFF  ON  IGNITION  SWITCH. 

16 

PANEL  LIGHTS. 

7 

ENGINE  STARTING  3UTT0N. 

17 

GENERATOR  VOLTS  METER. 

3 

PREHEAT  SWITCH. 

18 

GENERATOR  AMPERES  METER, 

9 

PANEL  CONTROL  FUSE, 

19 

GENERATOR  FREQUENCY  METER. 

10 

GENERATOR  VOLTAGE  AOJUSTMEN  f. 

20 

GENERATOR  AMMETER  SELECTOR 

SWITCH. 


134.433 

Figure  3*29  -Engine  generator  control  panoL 
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i>  ®©  ©  ©  ®  ^ 


NUMBER 


DESCRIPTION 


1  CIRCUIT  BREAKER  FOR  LIGHTS. 

2  CIRCUIT  BREAKERS  FOR  ITEMS  12  &  6 

3  UNIT  MAIN  CIRCUIT  BREAKER. 

4  CIRCUIT  BREAKER  FOR  SAW  MOTOR. 

5  CIRCUIT  BREAKER  FOR  GENERATOR. 
6&12  120-VOLT.1PHASE  OUTLET  RECEP- 
TACLE. 

7  GENERATOR  FOR  ENGINE. 

6  ENGINE  RADIATOR. 


DFSCRIPTION 


NUMBER 

8A  ENGINE  FAN. 

9  RADIATOR  EXTENSION  HOSE. 

10  EXTENSION  ADAPiEP. 

11  12  VOLT  BATTERY. 

13  DISTRIBUTION  PANEL  HOUSING. 

14  AUXILIARY  OR  GENERATOR  SWITCH. 

15  AUXILIARY  POWER  INPUT  JACK  (INSIDE 

do  on). 


134.434 


Figure  3'30.~Diitribution  panel  and  engine  Items. 
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PUSH-BUTTON 
SWITCH 
(7) 


GUIOE 
STRIP 
(9) 


MITER 
CONTROLS 
*  (3) 


TOP  FRONT 
ELEVATION 
(2) 


MITER 
SCALE 
(B) 


RIP 
CONTROLS 


Figure  3*31  .-Trailer-mounted  radial  overarm  field  taw. 


134.435 


connect  the  lug  and  wire  assembly  to  the 
grounding  rod.  Always  drive  the  grounding  rod 
firmly  into  the  ground  and  attach  the  ground 
clamp  solidly  to  the  trailer, 

CAUTION:  A  good  ground  js  essential  to  the 
safe  operation  of  this  unit. 

Open  all  doors  for  access  to  all  component!. 
Remove  the  electrical  equipment  required,  such 
as  extension  cords  and  floodlights.  Plug  cables 


into  output  receptacles.  Remove  saw  accessories 
and  tools  required  for  the  task  assigned. 

Operation  of  the  Engine 
and  Generator  Set 

To  start  the  engine  and  generator  set,  do  the 
following: 

Make  sure  all  circuit  breakers  in  the 
power  distribution  panel  (fig,  3-30)  are  off. 
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Depress  the  preheat  switch  (fig,  3-29)  to 
heat  glow  plugs.  Hold  the  switch  down  for  30 
seconds  only. 

Set  the  ignition  switch  (fig  $*29)  to  the 
ON  oosition  by  pushing  tt  up. 

Depress  the  engine  starter  button  (fig, 
3*29),  Hold  it  down  until  the  engine  starts. 
When  the  engine  starts,  check  the  ammeter 
selector  switch  for  correct  charge. 

After  the  engine  warms  up  for  a 
minimum  of  5  minutes,  check  the  frequency 
meter  (fig,  3-29)  to  see  ifa60-cycle  reading  has 
been  obtained.  If  necessary,  adjust  the  vernier 
control  (fig,  3-28)  to  get  this  reading. 

Make  the  generator  voltage  adjustment 
at  the  required  level*  by  turning  the  generator 
ammeter  selector  switch  (fig.  3-29)  from  OFF  to 
any  of  the  three  indicated  positions.  Note 
whether  the  voltmeter  indicates  208  volts 
phase-to-phase.  If  not,  adjust  the  generatoi 
voltage  accordingly, 

NOTE:  Tne  automatic  voltage  regulator 
will  maintain  constant  voltage  regardless  of 
changes  in  load  or  power  factor.  However,  it  wiii 
not  compensate  for  poor  governor  open:*ion, 
low  engine  speed,  or  engine  power  loss  under 
load  conditions 

Connect    the    lloodlights    and  oth^r 

electrical  tools  or  equipment  to  the  outlet 
receptacles  located  on  the  distnburion  panel 

ffig,  3-30)  and  activate  by  engaging  the  circuit 
breakers 

Preparing  the  Field 
Saw  tor  Operation 

To  gel  the  radial  overarm  field  saw  ready  for 
(jperjhon,  do  the  following 

1.  Remove  the  canvas  cover  on  the  saw  and 
stow  it  m  a  dry  place. 

2.  Place  the  roller  conveyor  tables  (left  ^nd 
right  side)  in  the ir  working  positions. 

1  (  lose  both  the  right  and  let t  ^ide  engine 
tio^rs 

A    < }pcn   the  engine  cooling  louvers  (fig. 

?  P'^ninn  flood)  ighk  it  needed  tor 
nighttime  working 

t>    Set  lundhr/h^  lor  tuikr  pdrkinp 


Before  cutting,  become  familiar  with  the 
operating  controls  oi  the  trailer-mounted  radial 
overarm  field  saw  (fig.  3-31)  by  reading  the 
manufacturer's  manual. 

The  numbers  in  parentheses  correspond  to 
those  used  in  figure  3*3 1  to  indicate  what 
control  is  used  when  the  saw  is  set  in  any  cutting 
position  desired  £s  sftown  in  figure  3-32, 

RAISING  AND  LOWERING  SAW  ARM,- 
To  raise  or  lower  the  saw  arm,  pull  the  column 
clamp  handle  (1 )  forward,  then  turn  the 
elevating  crank  (2)  in  the  Jesired  direction.  Be 
sure  to  lock  the  column  clamp  handle  by 
pushing  it  backward  before  turning  the  motor 
on. 

REVOLVING  SAW  ARM. -To  change  the 
position  of  the  saw  arm>  pull  both  miter  controls 

(3)  forward,  Then,  observing  the  miter  scale  (8), 
swing  the  saw  arm  either  right  or  left  to  the 
desired  angle.  When  you  have  located  the  saw 
arm  at  the  desired  position,  engage  both  miter 
controls  (3)  by  pushing  tht  dandles  back. 

REVOLVING  SAW  YOKE.-While  the  yoke 
js  revolving  horizontally  on  the  sav/  arm,  pull  the 
saw  carriage  to  the  front  of  the  saw  aim  Then, 
pull  the  yoke  clamp  handle  of  the  rip  controls 

(4)  forward  and  lift  the  swivel  latch  handle  of 
the  rip  controls  (4),  The  yoke  and  saw  motor 
can  now  be  turned  either  right  or  left  for  rip 
cuts.  When  the  yoke  is  ir  the  required  position, 
secure  the  rip  controls  (4j  accordingly, 

REVOLVING  SAW  MOTOR, -To  revolve 
the  saw  motor  vertically  on  the  saw  arm,  release 
the  bevel  clamp  handle  and  lift  the  bevel  latch 
handle  of  the  bevil  controls  (5)  and  swing  the 
saw  motor  to  the  bevel  position  desired,  fcock 
the  saw  motor  in  position  by  engaging  the 
locking  and  bevel  controls  (5). 

CR03SCUTT]NrG,-Wlien  you  are  cross- 
cutting,  be  sure  to  lock  the  saw  arm  in  the 
0°  position.  Place  the  material  against  the  guide 
strip  <9K  engage  the  push-button  switch  (7)  to 
the  ON  position  and  then  draw  the  saw  blade 
across  the  material  using  the  operating  handle 
(6)  After  the  cut  has  been  completed,  return 
the  blade  behind  the  guide  strip  (9)  and  push  in 
the  OFF  button 
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RAISE  AND  LOWER  SAW  ARM 


Devolve  saw  arm  horizontally 


RESOLVE  SAW  YOKE  HORIZONTALLY 


REVOLVE  THE  SAW  MOTOR  VERTICALLY 


CROSSCUTTING 


MITERINC 
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Figure  3-32. -Radial  overarm  field  taw  cutting  Positions. 
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NOTE:  NEVER  push  the  saw  blade  into  the 
material.  Instead,  always  pull  the  blade  slowly 
and  firmly  across  the  material*  from  the  rear  of 
the  saw  arm. 

MITERING.-To  miter  a  piece  of  material, 
release  the  miter  control  handles  (3).  Swing  the 
arm  to  the  required  angle  as  indicated  on  the 
miter  scale  (8),  and  then  reloek  the  miter 
control  handles  (3),  Engage  the  push-button 
switch  (7)  to  the  ON  position  and  pull  the  saw 
blade  through  the  material.  After  the  cut  has 
been  completed,  return  the  blade  behind  the 
guide  strip  (9)  and  push  in  the  OFF  button. 

A  compound  miter  is  merely  a  combination 
of  the  bevel  cut  and  miter  cut.  Set  the  saw  m  the 
bevel  cutting  position  and  mitering  angle  as 
previously  $ta*ed-  Enj^ge  the  push-button 
switch  (7)  to  the  ON  position  and  pull  the  saw 
blade  through  the  material  as  you  would  fur 
erosscutting.  After  the  cut  has  been  completed, 
return  the  blade  behind  the  guide  strip  (9)  and 
push  in  the  OFF  button. 

RIPPING. -To  bevel  rip,  lock  the  saw  arm  in 
the  crosscut  position.  Elevate  the  motor. 
Revolve  the  yoke  to  the  rip  position*  and  the 
motor  to  the  desired  bevel  position.  Now  lock 
all  latches  and  damps  and  be  sure  to  tighten  the 
rip  lock  (4).  Adjust  the  safety  guard  and 
kick-back  before  turning  on  the  motor  and  feed 
the  material  through  the  saw, 

DADOES  -To  make  dadoes,  replace  the  saw 
Nade  with  the  required  dado  cutter  heads  and 
use  the  saw  as  you  would  for  normal 
i  rosscutting  malcnals.  Be  sure  to  determine  the 
depth  and  widlh  of  your  dado  cut  as  you 
assemble  the  dado  heads  and  spacers.  Be  sure  to 
attach  the  accessory  tool  guard  before  starting 
the  machine, 

PLOUGHING, -For  ploughing  of  materials, 
place  the  saw  equipped  with  the  dado  cutter 
head  in  the  rip  position.  Tighten  the  rip  lock  (4) 
and  adjust  the  dado  cutter  to  the  required 
depth.  Attach  the  accessory  lool  guard  on  the 
feed-in  side  of  the  blade  before  starting  the 
machine  to  cut  and  be  sure  to  have  a  push  stick 
available  to  prevent  kick-back  as  you  feed  the 
material  through  the  saw. 


RABBETING.- For  straight  rabbeting  of 
material*  ele\ate  the  saw  motor  into  the  90° 
be\el  position.  Lower  the  dado  cutterhead  and 
bring  the  forward  edge  of  the  cutter  in  front  of 
the  guide  so  that  it  will  give  the  required  cut  and 
then  tighten'  the  rip  lock  (4).  For  bevel 
rabbeting  of  material,  simply  tilt  the  motor  in 
the  proper  position.  Be  sure  to  attach  the 
a<*ve:>sory  tool  guard  before  starting  the  machine 
and  cutting. 

SHAPING. -By  replacing  the  saw  blade  with 
a  shaper  cutter  and  setting  up  the  saw  as  you  did 
for  rabbeting,  you  can  adjust  the  shaper  blade 
for  the  required  shape  desired  on  the  material. 
Be  sure  to  lock  all  handles  and  clamps  and 
tighten  the  rip  lock  (4).  Be  sure  to  place  the 
material  being  shaped  firmly  against  the  guide 
strip  (9)  and  be  sure  to  attach  the  accessory  tool 
guard  before  starting  the  machine  and  cutting. 

Every  Builder  working  with  the  trailer 
moanted  radial  overarm  field  saw  equipment 
will  be  required  to  perform  saw  setups  that  were 
discussed  in  the  previous  sections. 


Preventive  Maintenance 
Services  and  Lubrication 


The  trailer-mounted  radial  overarm  field  saw 
must  be  properly  maintained  if  it  is  to  give 
satisfactory  service.  The  preventive  maintenance 
services  Jiart  in  table  3-1  indicates  the  various 
items  to  be  checked  and  the  services  to  be 
performed  at  prescribed  intervals, 

In  addition  to  those  services  given  in  the 
table*  be  sure  to  keep  the  cutting  blade  sharp 
and  properly  set*  the  blade  and  arbor  collars 
clean  and  insure  that  the  recessed  sides  of  the 
collars  are  against  the  blade;  never  oil  or  grease 
the  arm  trackway  or  motor  and  keep  the  motor 
clean  and  free  of  dirt. 

The  lubrication  chart*  figure  3*33,  indicates 
how  often  to  lubricate  the  points  on  the 
trailer-mounted  radial  overarm  field  saw  and 
^hat  lubricants  to  use.  The  frequencies  shown 
are  for  the  daily,  weekly,  monthly,  or 
semiannual  intervals. 
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Table  3-1.-freventlve  Maintenance  Services 
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CPANrCASE  C  OE 

OIL  FRTEP 
(SEE  KOTEj 

*HE£L  BFARJNG  S  CAA 

[SOTh  SIDES) 


- -J  '; 


3{AP  CAP  v  GAA- 


-OE  0  AJP  CLEANS 

-GAA  H  S^PIM  SHACKLE 
(BOTH  SIDES) 


OE  *  CEAP  SEDUCEP 
(SlE  HOTV 


;AA" 


[v,  ENGINE 

:  apt:llf^ 


jAA 


^EiOh  20- F 
■jAA 


;n~e^l 


0=  DAILY 

S=  3£HIASN1jAU* 


cleanep 
saw  geaf  reduce 

SAW  GEAR  Ca* 
SAW  END  CAP 
OK  CAN  POINTS 


REPLACE  ELEVEN"  EACH  TIHE  CPATKCASE 
CU  IS  DRAINED  AND  REPLACED. 

ASPECT  ii£t^(  REPLACE  OIL  MONTHLY 

C^lCK  OIL    ITH  LEVEL  PLUG  MONTHLY 

GREASE  MONTHLY  WITH  GU« 

FILL  Oi'L  CUPS  MONTHLY 

LUBRICATE  LINKAGE,  CHAIfc  HINGF.S »  AND 
SHAFTS  MONTHLY 


Figure  3- 33. -Lubrication  instructions. 
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Field  Radial  Overarm 
Field  Saw  Safety 

Various  safety  precautions  applicable  to  the 
field  saw  have  been  pointed  out  irr  preceding 
sections  of  this  discussion.  Some  additional 
safety  precautions  to  be  observed  are  listed 
as  follows 

All  safety  regulations  must  be  observed  to 
prevent  accidents  and  injuries.  Use  all  safety 
devices  and  guards  when  working  with  the  field 
saw,  and  learn  to  controj  your  work  and  actions 
so  as  to  avoid  injury^ 

Wear  welt-fitting  clothing  or  coveralls  and 
keep  them  in  good  repair  Wear  safety  glasses 
during  sawing  operations,  in  addition  to  a  dust 
mask  or  respir**:or  if  cutting  operations  are 
dusty. 

Keep  your  saw  tools  sharp  and  clean  because 
dull  tools  are  dangerous;  any  extra  force  exerted 
in  using  dull  tools  could  result  in  losing  control 
of  the  tool  or  in  losing  your  footing  or  balance, 

When  you  have  to  work  in  a  wet  area,  wear 
rubber  gloves  and  rubber-soled  shoes  to  help 
prevent  electric  shock 

tfaiee  all  adjustments,  blade  changes,  and 
inspections  with  the  power  off  and  the  eiectric 
cord  disconnected. 

Make  a  habir  of  checking  to  see  that 
adjusting  keys  and  wrenches  are  removed  from 
the  Saw  before  turning  on  the  saw. 

Keep  >our  work  area  clean  and  clear  of  scrap 
lumber  Remove  or  hammer  Jown  all  protruding 
naik  to  eliminate  the  possibility  of  yon  or  a 
crewmember  stepping  on  them  and  sustaining  a 
foot  injury 

SHOP  RADIAL  ARM  SAW 

f  igure  3-34  illustrates  another  popular  type 
of  shop  radial  arm  saw.  The  procedures  used  in 
the  operation,  maintenance,  lubrication,  and  the 
^fety  precautions  to  be  observed  of  this  saw  are 
the  same  a;  described  and  illustrated  in  previous 
portions  of  this  chapter  for  the  trailei^mounted 
radial  overarm  saw.  The-  primary  difference  is 
the  location  of  control*. 

,  TILT -ARBOR  TABLE  BENCH  SAW 

A  TILT-ARBOR  table  bench  saw  is  showrtfn  * 
figure  3-35.  This  sa'.v  is  called  a  tilt-arbor  saw 
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Figure  3-34.-A  sboP  radial  arm  saw. 
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Figure  3-35. -Tilt  arbor  bench  saw- 
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because  the  saw  blade  can  be  tilted  for  cutting 
bevels  and  the  like,  by  tilting  the  arbor  In  the 
earlier  types  of  bench  saws  the  saw  blade 
remained  stationary  and  the  table  was  tilted,  A 
canted  (tilted)  saw  table  is  hazardous  m  many 
ways,  however,  most  modem  table  saws  are  of 
the  tilt-arbor  type, 

For  ripping  stock,  the  CUTOFF  CAGES  are 
removed  and  the  RIPPING  FENCE  is  set  a 
distance  away  from  the  saw  which  is  equal  to 
the  desired  width  of  the  piece  to  be  ripped  off 
The  piece  is  placed  with  one  edge  against  the 
fence  and  fed  through  with  tin  fence  as  a  guide. 

For  cutting  stock  off  square,  the  cutoff  gage 
is  set  at  90*  to  the  line  of  the  saw,  and  the 
r-ping  fence  ^  set  to  the  outside  edge  of  the 
table,  away  from  the  stock  to  be  cut.  The  piece 
is  then  plated  with  one  edge  against  the  cutoff 
gage,  held  firmly,  and  fed  through  by  pushing 
the  gage  along  its  slot  ^ 

The  procedure  for  cutting  stock  off  at  an 
angle  other  than  9(f  (called  MITER  CUTTING) 
is  similar,  except  that  the  cutoff  gage  is  set  to 
bnng  the  piece  to  the  dosi^d  angle  with  the  line 
of  Uie  ^aw. 

For  ordinary  nppmg  or  cutting  off,  tile 
distort  the  saw  blade  should  extend  above  the 
table  top  :s  l.tfm.  plus  the  thickness  of  the 
piece  to  be  sawed  The  vertical  position  of  the 
saw  is  controlled  h\  the  DEPTH  OF  CUT 
HANDWHtEL  shown  4n  figure  3-35.  The  angle 
of  the  saw  bh-de  is  controlled  by  the  TILT 
F1ANDWHEEL.  EXCEPT  WHEN  ITS  RE- 
MOVAL IS  ABSOLUTELY  UNAVOIDABLE 
THE  GUARD  MUST  BE  KEPT  IN  PLACE. 

The  slot  in  the  table  through  which  the  saw 
bla^e  extends  is  called  the  THROAT.  The  throat 
is  contained  in  a  small,  removable  section  of  the 
table  called  the  THROAT  PLATE.  The  throat 
pla'w  c  amoved  when  \\  is  necessary  to  insert  a 
wten^h  to  remove  the  ww  blade  The  blade  is 
held  on  the  urhor  by  a  nut  called  the  ^RBOR 
NUT,  A  *aw  usually  equipped  with  several 
throat  plates,  ^unt<*ining  throats  of  various 
widths.  A  wider  throat  is  required  when  a 
DADO  HEAD  is  used  op  the  saw,  A  ido  head 
consists  rf  two  oukide  GROOVING  SAWS 
(which  are  muJi  like  combination  saw*)  and  tt> 
many  intermediate  vhis^btype  C  UTTERS  (called 
choppers)  as  are  required  to  make  up  the 
designated  wsJlh  of  the  groove  or  dado, 
Grooving    saws    arc    usually    ES  in  thick, 
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^onscq<'entl>\  one  grooving  saw  will  cut  a  1,8-in. 
gioove,  and  the  two,  u*od  together,  will  cut  a 
1/4-in.  groove.  Intermediate  cutters  come  in 
various  thicknesses. 

This  equipment  should  be  used  with  special 
care,  and  here  are  some  operating  precautions, 
especially  for  the  circular  saw. 

Do  not  use  a  ripsaw  blade  for  crosseutting  or 
a  crosscut  saw  blade  for  ripping  When  ripping 
and  jrosscutting  frequently,  you  should  install  a 
confutation  blade  to  eliminate  changing  the 
blade  constantly.  See  that  the  saw  blade  is  sharp, 
unbroken,  and  free  from  crack*  before  using  it. 
The  blade  should  be  changed  if  dull,  cracked, 
chipped,  or  warped. 

Be  sure  the  saw  blade  is  set  at  proper  height 
above  the  table  to  cut  through  the  wood. 

Avoid  "kickbacks*1  by  standing  to  one  side 
of  the  saw  not  in  line  with  it. 

Always  use  a  push  stick  to  r>ush  short 
narrow  pieces  between  the  saw  blade  and  the 
Sage, 

Keep  rfiatejul  of  an\  kind  from  ac* 
cumulating  on  the  saw  tabk  and  in  the 
mimc  'ite  working  area. 

Nt:VER  reach  over  the  n*iw  to  obtain 
material  from  the  other  side 

When  cutting,  do  not  feed  wood  into  the 
saw  blade  faster  than  it  will  cut  free1>  and 
cleanly 

\>u*r  leave  tJie  vjwmg  machine  unattended 
with  the  power  on 

PORTABLE  ELECTRIC 
CIRCULAR  SAW 

The  PORTABLE  ELECTRIC  ocular  *aw  is 
used  chiefly  as  a  great  labor-*aver  in  sawing 
vood  framing  members  on  the  job.  The  saw 
shown  in  figure  3-36  can  be  set  to  cut  a  piece  of 
wood  uff  square  fas  it  is  \;\  the  figure!  or  to 
^>it  it  off  as  any  be\et  angle  v.p  to  45"  To  make 
an  ac^rrate  ripping  cut,  the  RIPPING  GUIDE  is 
set  a  distance  away  from  the  saw  equal  to  the 
width  of  the  stnp  to  be  npped  ofE  and  placed 
against  the  edge  of  the  piece  as  a  guide  for  the 
>aw,  For  cutting  off,  the  npping  guide  is  turned 
upside  down,  so  that  it  will  be  out  of  the  way. 

The  size  of  a  portable  circular  saw  is 
designated  by  the  maximum  diameter  of  the 
blade  in  inches  i*  will  support  within  its  guard. 
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Mi  poriable.  power-dmen  mws  <iouKS  bv 
equipped  wnh  guards  which  will  automatie*dK 
adjust  themselves  to  the  work  when  in  use. 
that  none  the  teeth  protrude  above  the  work 
The  guard  over  the  blade  should  be  adjusted  so 
that  it  slides  out  of  us  recess  and  covers  the 
blade  to  the  depth  of  the  teeth  when  the*-aw  is 
lifted  off  the  work, 

GoggJes  or  face  shields  should  be  w  ,n  whik 
using  the  saw  and  *-hiie  cleaning  up  debris 
afterward. 

Saws  an  to  be  grasped  with  both  Lamts  and 
held  firmly  against  the  vork.  Care  should  be 
taken  thai  the  saw  does  not  break  away,  thereby 
cat  sing  mju;y 

r*ie  blade  shoiill  he  inspected  at  frequent 
intervals  and  always  after  it  has  locked  pinched, 
or  burned-  The  electrical  connection  should  be 
broken  before  this  examination 


Mil-  ^w  m^tor  should  not  be  overloaded  by 
pusmn*1  too  hard  or  cutting  stock  that  is  too 
heavy . 

Before  uanfc  ihe  saw.  the  material  to  be  cut 
should  be  carefully  e\*itfmed  and  freed  of  nails 
or  other  metal  substances.  Cutting  into  o: 
through  knots  should  be  avoided  as  far  as 
possible 

The  efrVnc  plug  should  be  pulled  before 
\  adjustments  or  repairs  are  made  to  the  saw. 
lius  *nclude<  --ban gin  i  t^e  Made 

SABER  SAW 

The  saNrr  (fig  30~*  is  a  power  driven 
jigsaw  that  vili  U\  you  cut  smooth  and 
decorative  curves  in  wood  and  light  metal  Most 
saber  saws  are  light  duty  machines  and  are  not 
designed  for  extremclv  fost  cutting. 
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Frgure  3-37, —Saber  saw. 


Then1  are  several  different  biades  designed  to 
operate  m  the  saber  saw  and  tney  are  easil} 
interchangeable  Some  blades  are  desired  for 
cutting  wood  and  some  for  cutting  metal 

The  best  way  to  leam  how  to  handle  tlv> 
type  of  toot  is  to  use  it.  Before  trying  to  do  a 
finished  job  with  the  saber  saw,  damp  down  a 
piece  of  Scrap  plywood  and  draw  some  curved  x> 
well  as  straight  a.  les  to  follow.  You  wtfl  develop 
>oui  own  wa>  of  gripping  the  tool,  and  this  will 
be  affected  somewhat  the  particular  toot  you 
are  :**;r><»  Cr\  wrne  took,  for  example,  yew  wdl 
find  guidirg  easier  if  you  apply  some  downward 
pressure  oi  th-  toofas  you  move  it  forward.  If 
you  are  nut  firm  with  youi  grip,  the  too!  wdl 
tend  to  vibrate  excessively  and  tiis  will  roughen 
the  cut.  Da  not  force  the  cutting  fasttr  than  the 
design  of  the  bted;  allows  or  yuu  will  break  t*ie 
blade 

.Pnoj  to  working  with  the  subersaw,  be  sure 
to  remove  your  rings,  v/nst  watch,  bracelets,  and 
other  jewelry. 

Roll  up  your  sleeves  if  you  «re  wearing 
clothing  with  long  sleeves 


Be  sure  that  the  saber  saw  is  properly 
grounded. 

Use  the  proper  saw  blade  for  the  work  to  be 
done,  ;*nd  insure  the  blade  is  securely  locked  in 
place. 

Be  sure  the  material  to  be  cut  is  free  of  any 
obstructions. 

Keep  your  full  attention  focused  on  the 
work  being  performed. 

Grip  the  saw's  handle  firmly  and  control  the 
forvard  and  turning  movements  with  your  free 
hand  on  the  front  guide. 

To  start  a  cut,  place  the  forward  edge  of  the 
saw  base  on  the  edge  of  the  material  being 
worked,  start  the  motor,  and  move  the  blade 
into  the  material, 

PORTABLE  RECIPROCAL  SAW  t 

The  portable  reciprocal -saw  (fig.  3-38)  is  a 
heavy-duty  power  tool  which  >ou  may  use  for  a 
variety  of  woodworking  maintenance  work, 
remodeling,  and  rougliing-in  jobs.  It  can  cut 
rectangular  openings,  curved  openings,  along 
straight  or  curved  lines,  and  flu^h. 

Blades  for  reciprocating  saws  are  made  in  a 
£reat  variety  of  sizes  and  shapes.  They  vary  in 
length  from  -  1/2  tc  1 2  in.  and  are  made  of 
high-speed  steel  or  carbon  steel  The  saw  has  a 
two-position  shoe  or  footplate,  whkh  adjusts  ror 
vertical  or  horizontal  cutting.  When  the  shoe  is 
moved  in  or  out,  a  different  section  of  the  blade 
is  brought  to  bear  on  the  work  being  cut.  This 
increases  the  life  of  the  blade. 

Before  operating  the  *,aw,  be  sure  the  type  of 
bude  is  nght  Tor  the  job.  The  manufacturer's 
instmcjoh  matfual  slTows  iht  kind  of  saw  blade 
to  use  '*n  any  material.  The  blad*  must  be 
pushed  c^curely  in  to  the  opening  provided. 
Rock  u  ^hghtl>  to  insure  a  correct  fit.  Then 
tighten  the  setscrew. 

To  start  a  cut,  place  the  saw  blade  near  the 
material  to  be  cut  Then  start  th^  motor  and 
move  the  blade  into  the  material.  Keep  the 
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cutting  pressure  constant,  but  do  not  overload 
the  saw.  Never  reach  underneath  the  materia! 
being  cut, 

When  through  cutting,  turn  OFF  the  saw- 
switch.  Do  not  put  the  saw  down  until  ihs 
motor  stops.  Then  disconnect  the  saw  from  the 
power  soufce  and  remove  the  saw  blade.  Be 
careful  not  to  droj>  the  saw;  nusahnement  of 
parts  may  result,  - 

The  reciprocal  saw  is  initially  lubricated  at 
the  factory  and  should  be  lubricated  only  as 
d^ected  in  the  manufacturer's  instruction 
manual  Usually,  additional  lubrication  is  not 
required  for  several  weeks  or  after  a  designate 
number  of  hours  of  use. 

Keep  the  inlet  and  outlet  passages  clean  to 
insure  a  cool  running  motor.  Blow  any 
accumulated  dust  off  the  motor  frame  with 
compressed  air.  In  addition,  check  the  saw 
periodically  for  loose  parts  and  screws, 


/  Tht  bandsaw  has  two  targe  wheels  on  which 
a  continuous  narrow  saw  blade  or  BAND  turns, 
just  as  a  belt  is  turned  on  pulhfys.  The  LOWER 
WHEEL  located  below  the  WORKING  TABLE 
is  connected  to  the  motor  directly  or  by  means 
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BANDSAW 


While  tho  bandsaw  (fig-  3-39)  is  designated 
primarily  for  making  curved  cnls,  it  can  also  be 
used  fof  straight  cutting.  Unlike  the  circular  saw, 
the  bandsaw  is  frequently  used  for  freehand 
cutting. 
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of  pulleys  or  gears  and  serves  as  the  driver 
pulley  The  UPPER  WH^EL  is  the  driven  pulley. 

The  saw  blade  is  guided  and  kept  in  Hue  by 
two  sets  of  BLADE  GUIDES,  one  fixed  Set 
below  the  table  and  one  set  above  with  a  vertical 
sliding  adjustment.  The  alinement  of  the  blade  is 
attjusted  by  a  mechanism  on  the  backside  of  the 
upper  wheel  TENSIONING  of  the  blade- 
tightening  and  loosening-is  provided  by 
another  adjustment  located  just  back  of  the 
upper  wheel. 

Cutoff  gages  ;,nd  ripping  fences  are  some- 
times provided  for  use  with  bandsaw  5,  but  you'll 
do  most  of  your  work  freehand  with  the  table 
clean  With  this  type  of  saw  it  is  difficult  to 
make  accurate  cuts  when  gages  or  fences  are 
used, 

The  size  of  a  bandsaw  is  designated  by  the 
diameter  the  wheels.  Common  sizes  are  14*> 
16-,  18-,  20-,  30-,  36-,  42-,  and  48-in.  machines. 
The  14-in.  size  is  the  smallest  practical  bandsaw. 
With  Ihe  exception  of  capacity,  all  bandsawsare 
much  the  same  as  regards  maintenance, 
operation,  and  adjustment. 

Blade?  or  bands  for  bandsawsare  designated 
by  POINTS  (tooth  points  per  inch),  THICK- 
NESS  ^age),  and  WIDTH.  The  required 
length  of  a  blade  is  found  by  adding  the 
circiinif?rence  of  one  wheel  to  twice  the 
distance  between  the  wheel  centers.  Length  can 
vary  within  a  limit  of  twice  the  tension 
adjustment  range.  Blades  are  set  and  filed  much 
the  same  as  with  a  hantf  ripsaw. 

Here  are  some  SAFETY  pointers  to  keep  in 
miiid  when  you  are  operating  a  bandsaw.  K>en 
your  fingers  away  from  the  moving  blade.  Keep 
:he  table  clear  of  stock  and  scraps  so  your  work 
will  not  catch  a':  you  push  it  along.  Keep  the 
upper  guide  just  above  the  work,  not  excessively 
high.  Do  hot  stand  to  the  right  of  the  machine 
while  it  is  ninniizg  and  do  not  lean  oa  the  table 
at  any  time, 

Bandsaw  wheels  should  be  tested  by 
experienced  operators  at  least  once  a  week  with 
,i  small  machinist's  hammer  to  detect  cracks. 
The  sound  of  a  ^.ra^ked  oi  broken  wheel  is  dull 
ai  d  f  ^t. 

Cracked  blades  should  not  be  used.  If  a 
blade  develops  a  "click"  as  it  parses  through  the 
work,  the  operator  should  shut  oft  the  power 
because  the  click  is  a  signal  thaf  the  blade  is 


cracked  and  may  be  ready  to  break.  After  the 
saw  blade  has  stopped  moving,  it  should  be 
replaced  with,  one  in  proper  condition. 

If  the  saw  blade  breaki  the  operator  should 
shut  off  the  power,  and  not^attempt  to  remove 
any  part  of  the  saw  blade  until  the  machine  is 
completely  stopped. 

If  the  work  binds  or  pinches  on  the  blade, 
the  operator  should  never  attempt  back  the 
work  away  from  the  .blade  while  the  saw  is  in 
motion  since  this  may  break  the  blade.  He 
should  always  see  that  the  blade  is  working 
relatively  freely  through  the  cut. 

A  bandsaw  should  not  be  operated  in  a  loca- 
tion where  the  temperature  is  below  45°F  as  it 
may  break  when  the  machine  is  started. 

Using  a  small  saw  for  laige  work  or  forcing  a 
wide  saw  on  a  small  radius  is  bad  practice.  The 
saw  blade  should  in  all  cases  be  as  wide  as  the 
nature  of  the  work.will  permit, 

lia^dsaws  should  not  be  stopped  by 
thrusting  a  piece  of  wood  against  the  cutting 
eo^e  or  side  of  the  bandsaw  blade  immediately 
after  the  power  has  been  shu'  off  because  the 
blade  may  break.  Bandsaws  J-6  in,  and  larger 
should  have  a  hand  or  footbrake. 

Particular  care  should  be  taken  when 
sharpening  or  brazing  a  band^w  blade  to  see 
that  the  blade  is  not  overheated  and  that  the 
brazed  joints  are  thoroughl>  united  and  are 
finished  to  the  ^ame  thickness  as  the  rest  of  the 
blade.  H  IS  RECOMMENDED  THAT  ALL 
BANDSAW  BLADES  BE  BUTT  WELDED 
WHERE  POSSIBLE,  AS  THIS  METHOD  IS 
UbZH  SUPERIOR  TO  THE  OLD  STVLE  OF 
BRAZING, 


CARE  AND  MAINTENANCE 
OF  POWERSAW  BLADES 

The  most  important  (actors  in  the  care  and 
maintenance  of  a  mechanical  saw  are  the  proper 
lubrication  of  all  moving  parts  and  the  proper 
conditioning  of  the  saw  blade,  A  sa^  blade 
which  is  dull,  or  one  in  which  the  teeth  are 
inccTri'ctly  shaped  or  improperly  se!,  will 
M!abor"  in  Che  wood.  Tim  in  turn  will  place  an 
excessive  strain  on  the  davmg  mechanism.  The 
correct  shapes  of  np5aw  and  urmss.ut  sa^  teeth 
are  shown  in  figure  340,  In  *  <omhination  ssvy 
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ftiP  OR  RAKER 
TOOTH 


CROSSCUT 
TE£TH 


29.15(133E) 
Figure  3-41.— Tseth  on  a  combination  saw  blade. 
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Figure  3*40. —Correct  shapes  of  circular  ripiaw  ancT 
^  crosscut  *aw  teeth. 

ilie  RIP  or  RAKER  teeth  are  shaped  like  ripsaw 
teeth  and  the  CROSSCUI  teeth  like  the  teeth  of 
the  Crosscut  blade,  as  shown  in  figure  341.  As  is 
the  case  with  handsaws,  the  front  and  backslope 
of  a  circular  ripsaw  tooth  are  filed  square  across, 
while  the  front  and  back  slope  of  a  circular  cross- 
cut saw  blade  are  beveled  as  shown  in  figure  3-40, 

Complete  reconditioning  of  a  circular  saw 
blade  consists  of  (1)  JOINTING,  (2)  GUM- 
MING, (3)  SETTING,  and  (4)  SHARPENING. 

JOINTING  is  done  when  wear  and  repeated 
sharpening*  have  caused  the  poinis  on  the  saw  to 
become  out  of  round.  The  procedure  for 
jointing  is  as  follows: 

PUT  ON  SAFETY  GOGGLLS.  Remove  all 
sawdust  f,om  the  working  area.  Install  tlie  saw 


blade  in  reverse  order.  Crank  the  blade  down 
level  with  the  saw  table  top.  Check  by  passing  a 
block  of  wood  over  the  blade  with  the  saw 
mnning.  The  w>d  should  become  slightly 
scored.  Replace  the  woodblock  with  a 
carborundum  stone  as  illustrated  in  tlgUie  3-42. 
With  the  saw  at  normal  speed,  exercise  extreme 
caution  and  pass  the  carborundum  stone  very 
slowly  over  the  blade.  Shut  off  the  saw  and 
inspect  the  blade.  When  each  blade  tooth  shows 
a  bright  spot,  jointing  has  been  completed.  It 
may  be  necessary  in  some  cases  to  raise  the 
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FtOure  3-42. -Using  carborundum  stone  for  lointing  saw 
teeth. 
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blade  slightly  and  repeat  the  jointing  procedure. 
Do  not  joint  a  saw  blade  any  more  than 
necessary,  as  this  will  require  more  grinding  in 
the  gumming  process. 

GUMMING  is  done  when  wear  and  repeated 
sharpening  have  caused  the  gullets  of  the  blade 
to  become  too  shallow.  This  procedure  is  very 
similar  to  that  performed  on  a  handsaw  called 
SHAPING, 

A  ripsaw  blade  may  be  gummed  with  a  hand 
file  of  suitable  shape  or  with  a  saw  GUMMER 
and  SHARPENER  like  the  one  shown  in  figure 
3-43. 

SETTING  of  saw  blade  teeth  is  ac- 
complished by  the  use  of  a  tool  such  as  the 
one  shown  in  figure  3-44.  The  saw  blade  is 
placed  over  the  spindle  and  held  in  place  with  a 
collar  and  locking  screw.  Saw  blade  teeth  are  set 
by  striking  the  steel  punch  with  a  hammer.  Set 
every  other  tooth  on  Dne  side  of  the  saw  blade* 
then  turn  the  saw  tlade  over  and  repeat  the 
procedure  for  setting  every  other  tooth  in  the 
opposite  direction. 

SHARPENING  of  a  saw  blade  may  be 
accomplished  with  a  saw  filing  machine  like  tha' 
shown  in  figure  3-45.  This  machine  works  a  file 
with  a  cross-section  of  the  same  shape  as  that  of 
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Figure  3-43,— Circular  taw  rtarpenor  ertd  gumrnor. 
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Figure  3-44.-Circulsr  saw  blade  setting  tooL 
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Figure  3-45. -Saw  filing  machine. 


th?  guUet  of  the  blade.  This  machine  works  M 
the  same  manner  as  the  machine  shown  in  figure 
3-43,  except  that  it  files  the  front  of  one  tooth 
and  the  back  slope  of  the  tooth  next  ahead  in  a 
single  operation. 
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BAXDSAW  teeth  are  duped  like  the  teeth  in 
a  hand  ripsaw,  which  means  that  their  fronts  arc 
fiied  at  90°  to  the  hne  of  the  saw. 
Reconditioning  procedure*  ,ire  the  same  as  the> 
are  for  a  hand  ripsaw,  except  that  very  narrow 
'handsaws  with  very  small  teeth  must  usually  be 
set  and  sharpened  by  special  machines. 

POWER  SHAVING  TOOLS 

Smooth  Mirt  ^  and  edges  on  woodworking 
materials  used  m  various  building  projects  are 
obtained  with  power  J  Living  Xooh  such  as 
routers,  plancv  jonuers*  surlaeers,  and  shapers. 

Router 

"Hie  router  i^  a  versatile  portable  power  tool 
which  may  It*  used  treehand  or  with  jigs  and 
attachments  Figure  3^6  shows  a  router  whLCh 
is  topical  of  most  models.  It  consists  of  a  motor 
con*  ...*n£  a  chuck  into  which  the  routei  bits  ue 
attached.  The  motor  slides  into  the  base  in  a 
vertical  position  B>  means  of  the  depth 
adjustment  ring,  easj  regulation  of  the  depth  of 
a  cut  is  possible  Routeis  vary  in  size  from  1/4 
to  2  1/2  hp  and  motor  speed  vanes  from  18.000 
to  :7,000  rpm 


One  of  the  most  practical  accessories  for  the 
router  is  the  edge  guide,  If  is  used  to  guide  the 
router  in  a  straight  line  along  the  edge  of  the 
board  (fig.  346).  Tlie  edge  guide  is  particularly 
useful  for  cutting  grooves  on  long  pieces  of 
lumber,  The  two  rods  on  the  edge  guide  slip  into 
the  two  holes  provided  on  the  router  base.  The 
edge  guide  may  be  adjusted  to  move  in  or  out 
along  the  two  rods  to  obtain  the  desired  lateral 
depth  cut. 

There  are  two  classifications  of  muter  bits. 
The  biiiit-m  shank-type  bits  fit  into  the  chuck  of 
the  router.  The  screw-type  bits  have  a  threaded 
hole  through  the  center  of  the  cutting  head; 
allowing  the  cutting  head  (o  be  screwed  to  the 
shank.  Figure  347  shows  a  few  oi  Jic  most 
common  router  bits. 

Before  operating  the  router,  be  sure  the 
workpieee  is  held  rigidly  in  the  desired  position 
and  free  of  obstructions.  The  router  must  be 
properly  grounded.  Make  sure  it  is  disconnected 
from  the  power  source  before  you  make 
adjustments  or  insert  a  router  bit.  Select  the 
proper  bit  for  the  work  being  done.  Insert  the 
bit  shank  m    he  collet  chuck  and  tighten 
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Figure  3-4fr-Por  tabfo  router  with  edge  guide. 
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Figure  3-47,-Ftoutsr  bits. 
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properly.  Do  not  wear  jewelry  or  loose-fitting 
clothes  that  might  become  entangled  with  the 
fast-turning  router  bit. 

In  operating  the  router,  use  both  hands  to 
hold  it  firmly  against  the  workpiece.  Keep 
cutting  pressure  constant*  but  do  not  overload 
the  router.  When  finished  routing*  release  the 
trigger  switch  and  disconnect  the  router  from  its 
power  source.  Then  remove  the  router  bit. 


Portable  Power  Plane 


The  portable  electric  power  plan.  uig.  3-48) 
is  widely  used  for  trimming  panels,  doors* 


frames*  etc.  It  is  a  precision  tool  capable  of 
exact  depth  of  cut  up  to  3/16  in.  on  some  of  the 
heavier  models.  However,  the  maximum  safe 
depth  of  cut  on  any  model  is  3/32  in.  in  any  one 
pass. 

The  power  plane  is  essentially  a  high  speed 
motor  which  drnes  a  cutter  bar,  containing 
either  straight  or  spiral  blades,  at  high  speed. 

Operating  the  power  plane  is  simply  a  matter 
of  setting  the  depth  of  cut  and  passing  the  plane 
over  the  work.  The  stock  being  planed  should  be 
held  in  a  vise,  clamped  to  the  edge  of  a  bench,  or 
otherwise  firmly  held  after  first  making  careful 
measurements  of  the  piece,  where  it  is  to  fit,  and 
determining  how  much  material  has  to  be 
removed.  Check  the  smoothness  and  straightness 
of  all  the  edges. 


CUTTING  SIDE  VIEW  HEAD-ON  VIEW 
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Figure  3-48,-Portabta  electric  Power  plane. 
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To  operate  the  plane,  connect  it  to  the 
power  source.  Before  doing  so,  make  sure  the 
plane  switch  is  in  the  off  position.  Do  not  wear 
loose  clothing  that  might  get  tangled  with  the 
fast-fuming  cutter. 

If  a  smoothing  cut  is  desired,  make  that  first, 
then  check  the  dimensions  again.  Make  as  many 
passes  as  necessary  with  the  plane  to  reach  the 
desired  dimension,  checking  frequently  so  as  not 
to  remove  too  much.  The  greater  the  depth  of 
the  cut,  the  slower  you  must  feed  the  toe  "ito 
the  work.  Feed  pressure  should  be  enougu  to 
keep  the  tool  cutting,  but  not  so  much  as  to 
slow  it  down  excessively.  Keep  chips  off  the 
work,  as  they  can  mar  the  surface  as  the  tool 
passes  over  them*  Do  not  come  in  contact  with 
the  cutter  when  a  cut  is  finished. 

The  L-shaped  base  or  fence  of  the  plane 
should  be  pressed  snugly  against  the  work  when 
planing,  assuring  that  the  edge  will  be  cut 
square.  For  bevel  cuts,  loosen  the  setscrew  on 
the  base,  set  the  base  at  the  desired  beveL  and 
then  tighten  the  setscrew, 

Always  disconnect  the  plane  from  its  power 
source  before  making  adjustments  or  replacing  a 
cutter.  When  finished  planing,  make  sure  the 
motor  is  turned  off. 


Jointer 

THE  JOINTER  is  a  machine  for  power* 
planing  stock  on  faces,  edges,  and  ends.  The 
planing  is  done  by  a  revolving  CUTTERHEAD, 
equipped  with  two  or  more  KNIVES,  as  shown 
in  figure  3-49.  Tightening  the  SETSCREWS 
forces  the  THROAT  PIECE  against  the  knife  for 
holding  the  knife  in  position.  Loosening  the 
setscrews  releases  the  knife  for  removal.  The  size 
of  a  jointer  is  designated  by  the  width  in  inches 
of  the  cutterhead^  sizes  range  from  4-in.  to 
36-in,  A  6-in.  jointer  is  shown  in  figure  3*50. 

The  principle  on  which  the  jointer  functions 
is  illustrated  in  figure  3-51.  The  TABLE  consists 
of  two  parts  on  either  side  of  the  cutterhead. 
The  stock  is  started  on  the  INFEED  TABLE  and 
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Figure  3-49.-Fourknife  cutterhead  for  a  jointer. 
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Figure  3-50.— Six -inch  jointer. 
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depth  of  cut  »  distance  the  infeed  — 
table  is  depressed  below  the  highest 
point  reached  by  the  knife  edges 


13374 

Figure  3.51.— Principle  of  operation  of  the  jointer. 


fed  p^t  the  ujtteriiejd  onto  the  OUTFfc£D 
TABLL,  Tlv;  surface  of  the  outfeed  table  must 
be  exaul>  U\c\  with  the  highest  point  reached 
b>  the  knife  edges.  The  surface  of  the  infeed 
table  is  depressed  below  the  surface  of  the 
outfeed  table,  jii  amount  equal  to  the  desired 
depth  of  The  usual  depth  of  cut  is  about 
1/16  to  I  8m. 

The  level  of  the  outfeed  table  must  be 
frequently  Jie^ked  to  insure  that  the  surface  is 
exactly  even  v\th  the  highest  point  reached  by 
the  knife  edges,  If  the  outfeed  table  is  too  high* 
the  cut  will  become  progressively  more  shallow 
as  the  piece  is  fed  through.  If  the  outfeed  table 
is  too  low,  the  piece  will  drop  downward  as  its 
end  leaves  the  infeed  table,  and  the  cut  for  the 
last  inch  or  so  will  be  too  deep. 

The  outfeed  table  can  be  set  to  the  correct 
height  as  follows: 

Feed  a  piece  of  waste  stock  past  the 
cutterhead  until  a  few  inches  of  it  lie  on  the 
outfeed  table.  Then  stop  the  machine  and  look 
ider  the  outfeed  end  of  the  piece.  If  the 
outfeed  table  is  too  low*  there  will  be  a  space 
between  the  surface  of  the  table  and  the  lower 
fa*e  of  the  piece.  Raise  the  outfeed  table  until 
this  sprice  is  eliminated.  If  no  space  appears, 
lower  the  outfeed  table  uitil  a  space  does 
appear,  N*ow  run  the  stock  back  through  the 
machine.  If  there  is  still  a  space  then  raise  the 
table  just  enough  to  eliminate  it. 

Note  that  the  cutterhead  cuts  toward  the  in- 
feed  table,  therefore*  in  order  to  cut  with  the 


grain,  you  must  place  the  piece  with  the  grain 
running  toward  the  infeed  table,  A  piece  is 
EDGED  by  feeding  it  through  on  edge  with  one 
of  the  faces  held  against  the  FENCE,  A  piece  is 
SURFACED  by  feeding  it  through  flat  with  one 
of  the  edges  against  the  fence.  This  operation 
however  should,  if  passible,  be  limited  to 
straightening  the  face  of  the  stock.  The  fence 
can  be  set  at  90°  to  produce  squared  faces  and 
edges,  or  at  any  desired  angle  to  produce  beveled 
edges  or  e;*ds. 

Only  sharp  and  c\ ?nly  balanced  knives 
should  be  used  in  a  jointer  cutting  head. 

The  knives  must  not  be  set  to  take  too  heavy 
a  cut,  as  a  kickback  is  almost  certain  to  result 
especially  if  there  is  a  knot  or  change  of  grain  in 
the  stock. 

The  knives  must  be  securely  fastened  after 
the  machine  has  been  standing  in  a  cold  building 
over  the  weekend. 

When  pieces  shorter  than  18  in,  are 
machined,  a  push  block  should  be  used. 

Each  hand-fed  jointer  should  be  equipped 
with  a  cylindrical  cutting  head,  the  throat  of 
which  should  not  "exceed  7/16  in,  in  depth  nor 
5/8  in,  in  width.  It  is  strongly  recommended 
that  no  cylinder  be  used  in  which  the  throat 
exceeds  3/8  in,  in  depth  or  1/2  in.  in  width. 

Each  hand-fed  jointer  shoud  have  an  auto- 
matic guard  which  will  cover  all  the  sections  of 
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the  head  on  the  working  side  of  the  fence  or 
gage.  The  guard  should  automatically  adjust 
horizontally  for  edge  jointing  and  vertically  for 
surface  work,  and  should  remain  in  contact  with 
the  material  at  all  times. 

In  operating  the  jointer  there  are  safety 
precautions  to  oe  observed.  These  include: 

Always  plane  with  the  grain.  A  piece  of 
wood  planed  against  the  grain  on  a  jointer  ma> 
be  kicked  back. 

Never  place  yjur  hands  directly  over  the 
jojnter  culterhead.  Should  the  piece  of  wood 
kick  back,  your  hands  will  drop  on  the  blades. 
Start  with  your  hands  on  the  infeed  bed.  When 
the  piece  of  wood  is  halfway  through,  reach 
around  with  your  left  hand  and  steady  the  piece 
of  wood  on  the  outfeed  bed.  Finish  with  both 
your  hands  on  the  outfeed  bed. 

Never  feed  a  piece  of  wood  with  your  thumb 
and/or  fingers  against  the  end  of  the  puece  of 
wood  being  fee  *nto  the  jointer.  Keep  >our 
hands  on  top  of  the  wood  at  all  times. 

Avoid  jointing  short  pieces  of  wood 
whenev  possible.  Joint  a  longer  piece  of  wood 
and  then  cut  it  to  the  desired  size.  If  you  must 
joint  a  piece  of  wood  shorter  than  18  in.,  use  a 
push  stick  to  feed  it  through  the  jointer. 

iNever  use  a  jointer  with  dull  cutter  blades. 
Dull  cutter  blades  have  a  tendency  to  kick  the 
piece  of  wood,  and  a  kickback  is  always 
dangerous* 

Keep  the  jointer  table  and  the  floor  around 
the  jointer  clear  of  scraps,  chips,  and  shavings. 
Always  stop  the  jointer  before  brushing  off  and 
cleaning  up  those  scraps,  chips,  and  shavings. 

Never  joint  a  piece  of  wood  that  contains 
loose  knots. 

Keep  your  eyes  and  undivided  attention  on 
the  jointer  as  you  are  working  it.  Do  not  talk  to 
anyone  while  operating  the  jointer. 

Remember  that  the  jointer  is  one  of  the 
most  dangerous  machines  in  the  woodworking 
shop,  and  all  the  basic  safety  precautions  given 
above  are  to  be  followed  and  only  experienced 
and  jesponsible  personnel  should  be  avowed  to 
operate  it. 


Sur  facer 

A  SINGLE  SURFACE R  (also  called  a 
SINGLE  PLANER)  is  shown  in  figure  3-52.  This 
machine  surfaces  stock  on  one  face  (the  upper 
face)  only;  double  surfacers,  which  surface  both 
faces  at  the  same  time,  are  used  only  in  large 
pSaning  mills. 

The  surfacer  cuts  with  a  cutterhead  like  the 
one  on  the  jointer,  but  on  the  single  surfacer  the 
cutterhead  is  located  above  instead  of  below 
driven  rollers,  and  the  part  adjacent  to  the 
cutterhead  is  pressed  down  against  the  FEED 
BED  by  a  couple  of  members  called  the  CHIP 
BREAKERS  (just  ahead  of  the  cutterhead)  and 
the  PRESSURE  BAR  Oust  behind  the 
cutterhead).  The  pressure  bar  temporarily 
straightens  out  any  warp  a  piece  may  have;  in 
effect,  a  piece  that  goes  into  the  surfacer  warped 
will  come  out  still  warped.  This  is  not  a  defect  in 
the  machine;  the  surfacer  is  designed  for 
surfacing  only,  not  for  truing  warped  stock.  If 
true,  plane  surfaces  are  desired,  one  face  of  the 
stock  (the  face  which  goes  down  in  the  surfacer) 
must  be  trued  on  the  jointer  before  the  piece  is 
fed  through  the  surfacer.  If  the  face  that  goes 
down  in  ihe  surfacer  is  true>  the  surftcer  will 
plane  the  other  face  true. 
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Figure  3-0 2*— S ingle  surfacer. 
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Each  surfacing  machine  should  have  all 
cutting  heads,  covered  by  a  metal  guard.  If  such 
a  guard  is  constructed  of  sheet  metal,  the 
material  used  should  not  be  less  than  1/16  in.  in 
thickness;  and  if  cast  iron  is  used,  it  should  not 
be  less  than  3/16  in.  in  thickness. 

Where  an  exhaust  system  is  used,  the  guards 
should  form  part  or  all  of  the  exhaust  hood  and 
should  be  constructed  of  metal  of  a  thickness 
not  less  than  the  above. 

Feed  rolls  should  be  guarded  by  a  hood  or  a 
semicylindrical  guard  to  prevent  the  hands  of 
the  operator  from  coming  in  contact  with  the 
in-running  rolls  at  any  point.  The  guard  should 
be  fastened  to  the  frame  carrying  the  rolls  so  as 
to  remain  in  adjustment  for  any  thicknesses  of 
the  stock. 

Sectional  feed  rolls  should  be  provided  for 
surfacers.  Where  solid  feed  rolls  are  used,  the 
sectional  finger  devices  should  be  used  to 
prevent  kickbacks. 


Shaper 


The  SHAPER  is  designed  primarily  for 
edging  curved  stock  and  for  cutting  ornamental 
edges,  as  on  moldings;  but  it  can  also  be  used  for 
rabbeting,  grooving,  FLUTING,  and  BEADING. 
A  FLUTE  is  a  straight  groove  with  a  curved 
rather  than  a  rectangular  crcss-section,  A  BEAD 
might  be  called  the  reverse  of  a  flute,  A  shaper  is 
shown  in  figure  3-53, 

The  flat  cutter  or  knives  on  a  shaper  are 
mounted  on  a  vertical  SPINDLE  and  held  in 
place  by  a  hexagonal  SPINDLE  NUT,  A  grooved 
COLLAR  is  placed  below  and  above  the  cutter 
or  knives  to  receive  the  edge  0f  the  knives.  Ball 
bearing  collars  are  available  for  use  as  guides  on 
irregular  work  where  the  fence  isn't  used.  The 
part  of  the  edge  that  is  to  remain  uncut  runs 
against  the  ball  bearing  collar,  as  shown  in  the 
bottom  view  of  figure  3-54. 

A  THREE  WING  CUTTER  fits  over  the 
spindle,  as  shown  in  the  upper  view  of  figure 
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Figure  3*53.— Wood  sheper. 


3-54,  FLAT  KNIFE  cutters  are  assembled  in 
pairs  between  collars.  Both  cutters  and  knives 
come  with  cutting  edges  in  a  great  variety  of 
shapes,  BLANK  flat  knives  are  available  which 
may  be  ground  to  any  desired  shape  of  cutting 
edge.  This  is  done  only  by  experienced 
personnel. 

For  shaping  the  side  edges  on  a  rectangular 
piece,  a  light-duty  shaper  has  an  ADJUSTABLE 
FENCE,  like  the  one  shown  on  the  shaper  in 
figure  3-55.  For  shaping  the  end  edges  on  a 
rectangular  piece,  a  machine  of  this  type  has  a 
SLIDING  FENCE,  similar  to  the  cutoff  gage  on 
a  circular  saw.  The  sliding  fence  slides  in  the 
groove  shown  in  the  table  top. 

On  larger  machines,  the  fence  consists  of  a 
board  straightedge,  clamped  to  the  table  with  a 
handscrew,  as  shown  in  figure  3-56.  A 
semicircular  opening  is  sawed  in  the  edge  of  the 
straightedge  to  accommodate  the  spindle  and 
the  cutters  or  knives.  Whenever  possible,  a  guard 
of  the.  type  shown  in  the  figure  should  be  placed 
over  the  spindle. 

For  shaping  curved  edges  there  are  usually  a 
couple  of  holts  in  the  table,  one  on  either  bide 
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Figure  3-54.— Three- wing  cutter  and  flat  knives  for  a 
shaper. 

of  the  spindle,  in  which  vertical  STARTER  PINS 
can  be  inserted-  When  a  curved  edge  is  being 
shaped,  the  piece  is  guided  by  and  steadied 
against  the  starter  pin  and  the  ball  bearing  collar 
on  the  spindle. 

Like  the  jointer  and  surfacer,  the  shaper  outs 
toward  the  infeed  side  of  the  spindle,  which  is 
against  the  rotation  of  the  spindle.  Stock  should 
therefore  be  placed  with  grain  running  toward 
the  infeed  side. 

Make  sure  the  knives  are  sharp  and  are  well 
secured- 
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Figure  3- 5 5. -Light-duty  shaper  with  adjustable  fence. 


If  curved  or  irregularly-shaped  edges  arc  to 
be  shaped,  place  the  stock  in  position  and  check 
to  see  that  the  collar  will  rub  against  part  of  the 
edge  which  should  not  be  removed. 

Whenever  the  straight  fence  cannot  be  used, 
always  use  a  starting  pin  jn  the  table  top. 

Never  make  extremely  deep  cuts. 

Make  sure  the  shaper  knives  rotate  toward 
the  work. 

Whenever  possible,  always  use  a  guard, 
pressure  bar,  hoiddown,  or  holding  jig. 

If  possible,  place  the  cutter  on  the  shaper 
spindle  su  that  the  cutting  will  be  done  on  the 
lower  side  of  the  stock. 

Do  not  attempt  to  shape  small  pieces  of 
wood. 

Check  ail  adjustments  before  turning  on  the 
power. 

"The  spindle  shaper  is  probably  one  of  the 
most  DANGEROUS  machines  used  in  the  shop.  , 
Use  extreme  caution  at  all  times." 
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Fi^ire  3  56,-Shaper  table,  showing  ttraightedga  fence  and  guard. 


Care  and  Maintenance 
of  Power  Shaving  Tools 

The  two  most  important  factors  in  the  care 
and  maintenance  of  a  jointer ^  surfacer,  or  shaper 
are  the  proper  lubrication  of  all  moving  parts 
and  the  proper  sharpening  and  adjustment  of  the 
knives  and/or  cutters.  Dull  knives  and  cutters 
deteriorate  the  machinery  by  causing  it  to 
"labor/*  and  to  **chatter**  or  vibrate.  Besides,  a 
dull  knife  or  cutter  on  *  power  shaving  machine 
is  a  very  dangerous  hazard  A  dull  knife  or  cutter 
tends  to  "catch*1  in  the  wood,  and  since  the 
machine  is  cutting  toward  the  operator  the 
result  of  a  catch  is  a  violent  throw-back  of  the 
stock  toward  the  operator.  The  piece  may  strike 
the  operator,  but  more  serious  than  this  is  the 
fact  that  the  operators  hands,  when  the  piece  is 
lorn  out  of  them,  may  be  driven  against  the 
knives  or  the  cutters. 

The  best  way  to  sharpen  the  knives  on  a 
jointer  or  surfacer  is  with  a  KNIFE  GRINDING 
ATTACHMENT*  like  the  one  shown  on  the 


surfacer  in  figure  3-52,  With  one  of  these  devices 
the  knives  can  be  sharpened  without  removing 
them  from  the  cutterhead.  The  knife  grinding 
attachment  consists  of  a  small  motor-driven 
grinding  wheel,  mounted  in  a  SADDLE  which 
can  be  cranked  back  and  forth  on  a  steel  bar 
called  a  BRIDGE.  The  bridge  can  be  mounted 
over  the  cutterhead  oy  means  of  a  couple  of 
BRIDGE  BRACKETS,  The  general  procedure 
for  sharpening  with  a  knife-grinding  attachment 
is  as  follows: 

Open  the  starting  switch  on  the  machine  and 
lock  it  open.  If  the  powerline  has  a  main  switch 
which  can  be  opened,  open  that  switch  as  well. 

Revolve  the  cutterhead  by  hand  until  a  knife 
is  in  a  position  where  the  cutterhead  LOCKING 
PIN  can  be  put  on  The  locking  pin  holds  the 
uppermost  knife  in  correct  grinding  position, 

Loosen  the  setscrews  until  they  *re  holding 
the  knife  only  lightly,  and  move  tht  knife  up 
about  1/12  in.  The  best  way  to  do  this  and  still 
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keep  the  knife  level  is  to  use  a  THREE- 
PRONGED  KNIFE  GAGE.  This  device  lias  two 
prongs  which  fit  against  the  cutterhead  on  either 
side  of  the  kmfe,  and  a  third  prong  in  the  center 
which  can  be  set  to  any  desired  amount  of 
protrusion  of  the  knife  edge.  When  the  knife  has 
been  set  at  the  desired  height,  tighten  the 
setscrews. 

Adjust  the  knife  edges  of  the  other  knives  to 
the  same  height. 

Set  the  grinding  attachment  in  place,  bring 
the  grinder  down  to  contact  the  bevd  on  the 
first  knife,  and  crank  the  guilder  back  and  forth 
over  tlie  knife  several  times.  Take  a  light  cut, 
and  crank  fast  enough  to  keep  the  knife  from 
overheating.  Repeat  on  the  other  two  knives. 

When  the  first  knife  is  again  under  the 
grinder,  lower  the  grinder  slightly  and  repeat  the 
above  procedure  on  ail  three  knives.  Repeat  this 
whole  process,  lowering  the  grinder  a  little  every 
time  you  get  back  to  the  first  knife,  until  all 
nicks  have  been  ground  away  and  there  is  a 
perfect  bevel  on  every  knife  in  the  cutterhead. 

The  next  step  is  JOINTING  the  knives, 
which  means,  as  in  the  case  of  a  circular  saw, 
insuring  that  the  knife  edges  form  a  perfect 
circle  as  the  cutterhead  revolves.  Remove  the 
motor  from  the  saddle  and  install  a  JOINTING 
ATTACHMtNT,  A  jointing  attachment  is  a 
device  with  a  fine  whetstone  attached  to  its 
lower  end,  the  whetstone  van  be  *el  so  that  it 
barely  touches  the  knife  edges.  Set  it  so, 
revolving  the  cutterhead  by  hand  to  insure  that 
there  is  the  barest  contact  and  no  more. 

Start  the  machine  and  crank  the  jointing 
attachment  back  and  forth  several  times  over  the 
revolving  knive*  Stop  the  mavhine  and  examine 
the  knife  edges.  If  they  have  not  all  been  slightly 
touched*  lower  the  stone  jus,  a  Utile  and  repeat 
the  process  until  every  knife  edge  has  been 
touched. 

In  the  absence  of  a  knife  grinding 
attachment,  the  knives  must  be  removed  from 
the  cutterhead  and  ground  on  an  oilstone 
grinder  or  :n  some  other  manner. 


To  readjust  the  knives  in  the  cutterhead  of  a 
jointer,  place  a  builder's  level  or  a  wooden 
straightedge  on  the  outfeed  table  and  line  the 
highest  point  reached  by  each  knife  edge  with 
the  lower  edge  of  the  straightedge  as  follows. 
Place  the  knife  in  the  cutterhead  and  set  the 
setscrews  up  tightly.  Place  the  straightedge  over 
one  end  of  the  knife  and  raise  or  lower  the  knife 
until  the  edge  barely  contacts  the  straightedge 
when  the  cutterhead  is  rotated  by  hand,  Move 
the  straightedge  to  the  other  end  of  the  knife 
and  repeat  the  same  procedure,  Tighten  the 
setscrews  and  make  a  final  check  for  correct 
height  at  both  ends  of  the  knife.  Repeat  the 
same  iMOcedure  with  the  remaining  knives. 

A  flat  shaper  knife  with  a  straight  cutting 
edge  is  ground  and  u  hetted  like  a  plane  iron  or  a 
chisel.  As  is  the  case  with  a  jointer  or  surfacer* 
the  knives  in  a  sha^ei  must  be  exactly  equal  in 
size  and  weight  Three-way  cutters  and  knives 
with  curved  vdges  must  be  sharpened 
"free-hand"  with  a  small  portable  grinding  wheel 
called  a  "grinding  pencil."  The  greatest  care 
must  be  taken  to  keep  pairs  of  knives  and  the 
cutting  extensions  in  a  three-way  cutter  exactly 
alike  in  size,  weight,  and  shape. 

DRILL  PRESS 

The  drill  press  (fig,  3-57)  is  an  electrically 
operated  power  machine  that  was  originally 
designed  as  a  meui- working  tool  As  such,  its 
use  would  be  limited  in  the  average 
woodworking  shop,  Available  accessories  such  as 
a  router  bit  or  shaper  heads,  plus  jigs  and  special 
techniques,  now'  make  it  a  versatile  wood- 
working tool  as  well 

The  motor  is  mounted  to  a  bracket  at  the 
rear  of  the  head  assembly  and  designed  to 
permit  V  belt  changing  for  desired  spindle  speed 
without  removing  the  motor  from  its  mounting 
bracket,  Four  spindle  speeds  are  obtained  by 
locating  the  V-belt  ou  any  one  of  the  four  steps 
of  the  spindle-driven  and  motordriven  pulleys, 

The  controls  of  drill  presses  are  all  similar. 
The  terms  "right"  and  "left**  are  relative  to  the 
operator's  position  standing  in  front  of  and 
facing   the   drill   press.   Forward  applies  to 
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Figure  3*57.tv!ll  pre**. 


movement  toward  the  operator.  Rearward 
applies  to  movement  away  from  the  operator. 

The  toggle  switch  is  located  on  the  right  side 
of  the  head  assembly.  The  switch  is  single-pole 
single-throw.  Start  the  motor  by  placing  the 
switch  in  the  ON  position. 

The  spindle  and  quill  feed  handles  radiate 
from  the  spindle  and  quill  pinion  feed  hub 
which  is  located  on  the  lower  right-front  side  of 
the  head  assembly.  Pulling  forward  and  down  on 
any  one  of  the  three  spindle  and  quill  feed 
handles,  which  point  upward  at  the  time,  moves 
the  spindle  and  quill  assembly  downward. 


Release  the  feed  handle  and  the  spindle  and  quill 
assembly  will  return  to  the  retracted  or  upper 
position  by  spring  action. 

The  quill  lock  handle  is  located  at  the  lower 
left-front  side  of  the  head  assembly.  Turn  the 
quill  lock  handle  clockwise  to  lock  the  quill  at  a 
desired  operating  position.  Release  the  quill  by 
turning  the  quill  lock  handle  counterclockwise. 
However,  in  most  cases,  the  quill  lock  handle 
will  be  in  the  released  position. 

The  head  lock  handle  is  located  at  the 
left-rear  side  of  the  head  assembly.  Turn  the 
head  lock  handle  clockwise  to  lock  the  head 
assembly  at  a  desired  vertical  height  on  the 
bench  column.  Turn  the  head  lock  handle 
counterclockwise  to  release  the  head  assembly. 
When  operating  the  drill  press,  the  head  lock 
handle  must  be  tight  at  all  times. 

The  head  collar  support  lock  handle  is 
located  at  the  right  side  of  the  head  collar 
support  and  below  the  head  assembly.  The 
handle  locks  the  head  collar  support,  which 
secures  the  head  vertically  on  the  bench  column, 
and  prevents  the  head  from  dropping  when  the 
head  lock  handle  is  released.  Turn  the  head 
collar  support  lock  handle  clockwise  to  Jock  the 
support  to  the  bench  column  and  counter- 
cl  o  ckwise  to  release  the  support.  When 
operating  the  drill  press,  the  head  collar  support 
lock  handle  must  oe  tight  at  all  times. 

The  tilting  table  lock  handle  is  lotated  at  the 
left-rear  side  of  the  tilting  table  bracket.  Turn 
the  tilting  table  lock  handle  counterclockwise  to 
release  the  tilting  table  bracket  so  it  can  be 
moved  up  and  down  or  around  the  bench 
column.  Lock  the  tilting  table  assembly  at  the 
desired  height  by  turning  the  lock  handle 
clockwise.  When  operating  the  drill  press,  the 
tilting  table  lock  handle  must  be  tight  at  all 
times. 

The  tilting  table  lockpin  js  located  below  the 
tilting  table  assembly.  The  lockpin  secures  the 
table  at  a  horizontal  or  45*  angle  left  or  right 
from  the  horizontal  position.  To  tQt  the  table 
left  or  nght  from  its  horizon1  U  position,  remove 
the  lockpin  and  turn  the     b!e  to  aline  the 
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loe^pin  holes.  Insert  the  lockpin  through  the 
table  and  bracket  holes  after  the  desired  position 
is  obtained 

The  adjusting  and  locknuts  are  located  on 
the  depth  gage  rod.  The  purpose  of  the  adjusting 
and  locknuts  is  to  regulate  depth  drilling.  Turn 
the  adjusting  and  locknut  clockwise  to  decrease 
the  downward  travel  of  the  spindle.  The  locknut 
must  be  secured  against  the  adjusting  nut  when 
operating  the  drill  press. 

When  operating  a  drill  press  make  sure  the 
drill  is  properly  secured  in  the  chuck  and  that 
the  work  you  are  drilling  is  property  secured  in 
position.  Do  not  remove  the  work  from  the 
tilting  table  or  mounting  device  until  the  drill 
press  to  s  stopped. 

Operate  the  spindle  and  quill  and  feed 
handles  with  a  slow,  steady  pressure.  If  too 
much  pressure  is  applied,  the  V-belt  may  slip  in 
the  pulleys,  the  twist  drill  may  break,  or  the 
starting  switch  in  the  motor  may  open  and  stop 
the  drill  press.  If  the  motor  should  stop  because 
of  overheating,  the  contacts  of  the  starting 
switch  will  remain  open  long  enough  for  the 
motor  to  cool,  then  automatically  close  to 
resume  norma]  operation.  Always  turn  the 
toggle  switch  to  OFF  posit.on  while  the  motor  is 
cooling. 

Check  occasionally  to  make  sure  all  locking 
handles  are  tight,  and  that  the  V-belt  is  not 
slipping. 

Before  operating  any  drill  press,  visually 
inspect  the  drill  press  to  determine  if  all  parts 
are  in  the  proper  place,  secure,  and  in  good 
operating  condition.  Check  all  assemblies,  such 
as  the  motor,  head,  pulleys,  and  bench  for  loose 
mountings.  Check  adjustment  of  V-belt  and 
adjust  as  necessary  in  accordance  with  the 
manufacturers  manual.  Make  sure  the  electric 
cord  is  securely  connected  and  that  the 
insulation  is  not  damaged,  chafed,  or  cracked. 

While  the  drill  press  is  operating,  be  alert  for 
any  sounds  that  may  be  signs  of  trouble,  such  as 
squeaks  or  unusual  noise.  Report  any  unusual  or 
unsatisfactory  performance  to  the  petty  officer 
in  charge  of  the  shop. 


After  operating  a  drill  press,  wipe  off  all  dirt, 
oil,  and  metal  particles.  Inspect  the  V-belt  to 
make  sure  no  metal  chips  are  imbedded  in  the 
driving  surfaces. 

WOODWORKING  LATHE 

The  WOODWORKING  LATHE  is  without 
question  the  oldest  of  all  woodworking 
machines.  Ift  its  early  form,  it  consisted  of  two 
holding  centers  with  the  suspended  stock  being 
rotated  by  an  endless  rope  belt.  It  was  operated 
having  one  person  pull  on  the  rope 
nand-overhand  while  the  cutting  was  done  by  a 
second  person  holding  crude  hand  lathe  tools  on 
an  improvised  beam  rest. 

The  actual  operations  of  wood  turning 
performed  on  a  modern  lathe  are  still  done  to  a 
great  degree  with  woodturner's  handtools. 
However,  machine  lathe  work  is  coming  more 
and  more  into  use  with  the  introduction  of 
newly  designed  lathes  for  that  purpose. 

The  lathe  is  used  in  turning  or  shaping  round 
bill ets,  dru ms,  disks,  and  ahy  objee t  that 
requires  a  true  diameter.  The  size  of  a  lathe  is 
determined  by  the  maximum  diameter  of  the 
work  it  can  swing  over  its  bed.  There  are  various 
sizes  and  types  of  wood  lathes,  ranging  from 
very  small  sizes  for  delicate  work  to  large  surface 
or  "bull  lathes"  that  can  swing  jobs  15  ft  in 
diameter. 

Figure  3-58  illustrates  a  type  of  lathe  that 
you  may  find  in  your  shop.  It  is  made  in  three 
sizes  to  swing  16- 1  20-,  and  24-in.  diameter 
stock.  The  lathe  has  four  m^jor  parts  (1)  bed, 
(2)  headstock,(3)  tailstock,  and  (4)  toolrcst. 

The  lathe  shown  in  figure  3-58  has  a  bed  of 
iron.  It  can  be  obtained  in  any  other  length 
desired.  The  bed  is  a  broad  flat  surface  that 
supports  the  other  parts  of  the  machine. 

The  neadstock  is  mounted  on  the  left  end  of 
the  lathe  bed.  All  power  for  the  lathe  is 
transmitted  through  the  headstock.  It  has  a  fully 
enclosed  motor  that  will  give  a  variable-spindle 
speed  (from  600  to  3600  rpm).  The  spindle  is 
threaded   at  the  front  end  to  receive  the 
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faceplates,  A  faceplate  attachment  to  the  motor 
spindle  is  furnished  to  hold  or  mount  small  jobs 
having  large  diameters.  There  is  also  a  flange  on 
the  rear  end  of  the  spindle  to  receive  large 
faceplates,  which  are  held  securely  by  four  stud 
bolts. 

The  tailstock  is  located  on  the  right  erid  of 
the  laiJie  and  is  movable  along  the  length  of  the 
bed.  !t  supports  one  end  of  the  work  while  the 
other  end  is  being  turned  by  the  headstock  spun 
The  tail  center  may  be  removed  from  the  stock 
simply  by  backing  the  screw.  The  shank  is 
tapered  *o  automatically  center  the  point 

Most  large  sizes  of  lathes  are  provided  with  a 
power-feeding  carriage.   A  cone-puliey  boh 
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arrangement  provides  power  from  tlr;  motor, 
and  trackways  are  cast  to  the  side  of  the  bed  for 
sliding  the  carriage  back  and  forth.  All  machines 
have  a  meia]  bar  that  may  be  attached  to  the 
bed  of  the  lathe  between  the  operator  and  the 
work.  This  serves  as  a  handtool  rest  and  provides 
support  for  the  operator  in  guiding  tools  along 
the  work.  It  may  be  of  any  size  and  is  adjustable 
to  any  desired  position. 

In  lathe  work,  wood  i?  rotated  against  the 
special  cutting  tools  illustrated  in  figure  3-59, 
Thu  special  lathe  tools  include  turning  gouges, 
skew  chisels;  parting  tools;  round-nose, 
square-nose,  and  spear*point  chisels;  toothing 
irons;  and  auxiliary  aids  such  as  calipers, 
dividers  and  templates. 


102 


Chapter  3-WOODWORKING  SHOP  AND  FIELD  TOOLS 


28.66 


Figure  3-59.-Lathe  cutting  tool*. 


Turning  gouges  are  used  chiefly  to  rough  out 
nearly  all  shapes  in  spindle  turning.  The  gpuge 
sizes  vary  from  1/8  to  2  or  more  in.,  with  1/4-* 
3/4-,  and  1-in.  sizes  being  most  cofidnon. 

Skew  chisels  are  used  for  smoothing  cuts  to 
finish  a  surface,  turning  beads,  trimming  ends  or 
shoulders,  and  for  making  V-cuts,  They  are 
made  in  sizes  from  1/8  to  2  1/2  in.  in  width  and 
in  right-handed  and  left-handed  pairs, 

Parting  tools  are  used  to  cut  recesses  or 
grooves  with  straight  sides  and  a  flat  bottom  and 
also  to  cut  off  finished  work  from  the  faceplate. 
These  tools  are  available  in  sizes  ranging  from 
1/8  to  3/4  in. 


Scraping  tools  of  various  shapes  are  used  for 
the  most  accurate  turning  work,  especially  for 
most  faceplate  turning.  A  few  of  the  more 
commonly  used  shapes  are  illustrated  in  D,  E, 
and  F  of  figure  3-59.  The  chisels  shown  in  B,  E, 
and  F  are  actually  old  jointer  blades  which  have 
keen  ground  to  the  required  shape;  the  wood 
hancles  for  these  homemade  chisels  are  not 
showi  in  the  illustration. 

A  toothing  iron  is  basically  a  square-nose 
turning  chisel  with  a  series  of  parallel  grooves 
cut  into  the  top  surface  of  the  iron.  (See  fig. 
3-60.)  These  turning  tools  are  used  for  rough 
turning   of  segment   work  mounted  on  a 
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Figure  3-60.-Toothingiron  lathe  toot. 


faceplate.  The  points  of  the  toothing  iron 
created  by  the  parallel  grooves  serve  as  a  series 
of  spear-point  chisels;  therefore,  the  tool  is  not 
likely  to  catch  and  dig  into  the  work  like  a 
square-nose  turning  chisel.  The  toothing  iron  is 
made  with  coarse,  medium,  and  fine  parallel 
grooves  and  varies  from  1/2  to  2  in,  in  width. 

Lathe  turning  may  be  divided  into  two  cate- 
gories: center-to*center  turning  (also  called 
between  turning  and  spindle  turning)  and 
faceplate  turning. 

Here  are  some  safety  precautions  to  observe. 

When  starting  the  lathe  motor,  stand  to  one 
side  to  avoid  the  hazard  of  flying  debris  in  the 
event  of  defective  material. 

Use  the  tool  rest  as  much  as  possible. 

Adjust  and  set  the  compound  or  tool  rest  for 
the  start  of  the  cut  before  turning  the  switch  on. 

Take  very  light  cuts,  especially  when  using 
hand  tools, 

Never  attempt  to  use  calipers  on  interrupted 
surfaces  while  the  work  is  in  motion, 

ABRASIVE  GRINDERS 

A  GRINDSTONE  is  an  abrasive  wheel  made 
of  natural  stone-usually  sandstone,  A  GRIND- 
ING WHEEL  is  an  abrasive  wheel  made  of  some 
synthetic  abrasive  materia],  such  as  emery  or 
corundum.  Most  modem  wheels  are  synthetic 
wheels  which  are  usually  called  GRINDERS. 

Grinders  vary  in  design  and  construction 
from  the  small  hand*driven  DRY  grinder  shown 
in  figure  3-61  to  tht;  ball-bearing  motor-driven, 


44.34 

Figuro  3-61,-Hand-driven  dry  grinder. 


multi-wheel  OILSTONE  grinder  shown  in  figure 
3-62,  The  grinder  in  figure  3-62  has  two  large 
CUPPED  oilstone  wheels,  one  coarse  and  the 
other  fine,  for  grinding  plane  irons  and  chisels,  A 
drip-spout  on  each  wheel  drips  oil  into  the  cup 
of  the  wheel  aid  thus  keeps  the  wheel  properly 
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Figure  3-62. -Power -driven  oilstone  grinder. 
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oiled*  The  tool  rest  can  be  adjusted  both 
vertically  and  horizontally  to  get  just  the  right 
bevel  angle  on  a  tool  The  tool  holder  siides  back 
and  forth  in  a  groove  on  the  tool  rest,  so  that 
the  tool  which  is  being  sharpened  remains  in 
correct  position  with  respect  to  the  face  of  the 
wheeL  Besides  the  oilstone  wheels,  the  grinder 
has  a  DRY  WHEEL  for  rough  grinding  and  a 
CONE  WHEEL  for  grinding  inside*bevel  gouges. 


Sharpening  Stones 


Sharpening  stones  are  divided  into  two 
groups,  r.atural  and  artificial.  Some  of  the 
natural  stones  are  oil  treated  during  and  after 
the  manufacturing  processes.  The  stones  that  are 
oil  treated  are  sometimes  called  oilstones. 
Artificial  stones  are  normally  made  of  silicone 
carbide  01  aluminum  oxide.  Natural  stones  have 
very  find  grains  and  are  excellent  for  putting 
razorlike  edges  on  fine  cutting  tools.  Most 
sharpening  stones  have  one  coarse  and  one  fine 
face.  Some  of  these  stones  are  mounted,  and  the 
working  face  of  some  of  the  sharpening  stones  is 
a  combination  of  coan.e  and  fine  grains.  Stones 
are  available  in  a  variety  of  shapes,  as  shown  in 
figure  >63. 

A  fim  cutting  oil  is  generally  used  with  most 
artificial  sharpening  stones,  however,  other 
lubricants  such  as  kerosene  may  be  used.  When  a 


tool  has  been  sharpened  on  a  grinder  or 
grindstone*  there  is  usually  a  wire  edge  or  a 
feather  edge  left  by  the  coarse  wheel  The 
sharpening  stones  are  used  to  hone  this  wire  or 
feather  edge  off  the  cutting  edge  of  the  tool  Do 
not  attempt  to  do  a  honing  job  with  the  wrong 
stone.  Use  a  coarse  stone  to  sharpen  large  £nd 
\er>  dull  or  nicked  tools.  Use  a  medium  grain 
stone  to  sharpen  tools  not  requiring  a  finished 
edge,  such  as  tools  for  working  soft  wood,  cloth, 
leather*  and  rubber.  Use  a  fine  stone  and  an 
oilstone  to  sharpen  and  hone  tools  requiring  a 
razorlike  edge. 

Prevent  glazing  of  sharpening  stones  by  ap- 
plying a  light  oil  during  the  use  of  the  stone. 
Wipe  the  stone  clear  with  a  wiping  cloth  or 
cotton  waste  after  each  use.  If  the  stone 
becomes  glazed  or  gummed  up,  clean  it  with 
aqueous  ammonia  or  dryeleaning  solvent.  If 
necessary,  clean  it  with  aluminum  oxide  abrashe 
cloth  or  flint  paper  attached  to  a  flat  block. 

At  times*  stones  will  become  uneven  from 
improper  use.  True  the  uneven  surfaces  on  an 
old  grinding  wheel  or  on  a  grindstone.  Another 
method  of  truing  the  surface  is  to  lap  it  with  a 
block  of  cast  iron  or  other  hard  material  covered 
with  a  waterproof  abrasive  paper,  dipping  the 
stone  in  water  at  regular  intervals  and  continuing 
the  lapping  until  the  stone  is  true. 

Stones  must  be  carefully  stored  in  boxes  or 
on  special  rack*  when  not  in  use.  Never  lay  them 
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Figure  3*63.— Shape*  of  sharpening  itonei  and  oiUtonet. 
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down  on  uneven  surfaces  or  place  them  where 
they  may  be  knocked  off  a  table  or  bench,  or 
where  heavy  objects  can  fall  on  them.  Do  not 
store  in  a  hot  place. 

Care  and  Maintenance 
of  Abrasive  Grinders 

Abrasive  wheels  and  oilstones  are  very  easily 
broken  or  cracked,  and  must  be  handled  and 
stowed  with  the  greatest  care.  A  wheel  should  be 
given  a  regular  RING  TEST  for  cracks.  Tap  the 
wheel  with  a  rubber-faced  hammer  or  mallet.  A 
ringing  sound  indicates  a  sound  wheel.  A  dull 
thudding  sound  indicates  a  cracked  wheel. 
NEVER  USE  A  CRACKED  WHEEL. 

When  you  are  installing  a  new  wheel, 
NEVER  force  the  wheel  onto  tile  spindle.  The 
wheel  must  slide  easily  with  about  0,003  to 
0.005  in.  clearance.  If  it  does  not,  IT  IS  NOT 
THE  RIGHT  S1Z£  FOR  THE  SPINDLE. 
(Always  check  the  grinder  wheel  for  the  proper 
rpm.) 

Tighten  the  spindle  nut  just  enough  to  set 
the  flanges  firmly  against  the  wheel. 
Overtightening  may  crack  the  wheel.  After 
installing,  GET  YOURSELF  AND  EVERY- 
BODY ELSE  OUT  OF  THL  LINE  OF 
THE  WHEEL,  turn  the  power  on,  and  keep  clear 
until  the  grinder  has  run  long  enough  to  indicate 
that  the  wheel  is  not  going  to  fly  apart. 

If  a  wheel  GLAZES  rapidly,  decrease  the 
speed  of  the  grinder  or  put  on  a  softer  wheel.  If 
a  wheel  LOADS  rapidly  (LOADING  means  the 
clogging  of  surface  pores  with  the  material  being 
ground),  increase  the  speed  of  the  grinder  or  put 
on  a  softer  wheel. 

A  glazed  or  loaded  wlieel  should  be 
DRESSED,  and  a  wheel  which  has  become 
out-of-round  or  irregular  on  the  sQrface  must  be 
TRUED,  The  same  procedure  is  used  to  cure 
both  conditions,  it  is  called  DRESSING,  and  it 
is  done  with  a  WHEEL  DRESSER.  CUTTER 
jnd  TUBE  type  dressers  are  shown  in  figure 
3-64.  A  DIAMOND  wheel  dresser,  which  is  the 
most  effective,  is  shown  in  figure  3*65, 


28.53h33E)A 
Figure  3-64.-Cutter-  and  tubMype  wheel  dressers, 
r 


j    DIAMOND  WHEEL  DRESSER 


28.63I133EJB 
Figure  3*f&-Diamond  wheel  dresser. 

The  procedure  for  dressing  a  wlieel  i*  as 
follows: 

Adjust  the  tool  rest  to  permit  the  wheel 
dresser  to  contact  the  centerline  of  the  wheel,  as 
shown  hi  figure  3-66.  The  cutter  type  dresser  is 
held  with  the  lug  on  the  cutter  against  the  front 
edge  of  the  tool  rest,  as  shown  in  die  figure.  The 
tube-type  dresser  is  held  flat  on  the  tool  rest,  as 
shown  in  figure  3-67. 

Start  the  wheel  and  slowly  press  the  dresser 
against  the  face  until  you  feel  the  dresser  start  to 
"bite/' 
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28>63(28C) 

Figure  3-6&— Dressing  wrth  *  cutter  typo  dresier* 


28.63(133ElD 
Figure  3*67. -Dressing  with  e  tube.type  dresser. 


Move  the  dresser  from  side  to  side  and 
gradually  press  it  forward  until  >ou  feel  it  "bite" 
all  the  way  across  the  face  of  tiie  wheel. 

Do  not  grind  against  the  sides  or  comers  of  a 
wheel  unless  it  is  absolutely  impossible  to  do  the 
grinding  job  on  the  face. 

A  grinding  wheel  will  gradually  wear  down, 
or  will  gradually  be  dressed  down,  to  a  diameter 


which  is  much  smaller  than  the  original 
diameter.  As  the  wheel  becomes  smaller,  the 
speed  of  the  grinder  should  be  increased  to  allow 
for  the  reduced  speed  of  travel  of  the  smaller 
grinding  face.  If  the  same  speed  is  maintained 
for  the  smaller  wheel,  the  wheel  will  "act  soft/' 
and  it  will  also  wear  down  too  rapidly. 

For  whetting  plane  irons,  chisels,  and  the 
like,  the  faces  of  an  oilstone  wiust  be  perfectly 
flat.  An  uneven  face  can  be  trued  up  on  the  side 
of  an  old  grinding  wheel,  or  by  rubbing  on  a 
piece  of  moistened  waterproof  artificial  abrasive 
paper  laid  on  a  flat,  true,  hard  surface. 

The  fragments  ^f  a  broken  oilstone  can  be 
rejoined  as  follows: 

Bake  all  the  oil  out  of  the  stone  by  heating 
the  fragments  on  a  hot  plate. 

Scrub  the  fragmen  ts  thoroughly  with 
drycleaning  solven  t  or  aqua  ammonia. 

Dust  the  broken  edges  thickly  with  flake  or 
ground  orange  shellac.  Work  the  shellac  carefully 
into  all  reeesses. 

Reheat  the  fragments  to  melt  the  shellac, 
join  them  together,  and  clamp  them  securely  in 
a  liandscrew. 

If  shellac  is  not  available,  cut  a  recess  in  a 
wooden  clock  to  mount  the  fragments,  iMake  the 
recess  a  shade  smaller  than  the  length  and  width 
of  the  stone,  and  make  it  one-half  as  deep  as  the 
stone  is  thick.  Assemble  the  fragments  and  tap 
ther*!  into  the  recess  with  the  piallet. 

Keep  oilstones  away  from,  heat  and  store 
them  in  a  cool  pla<:e.  Heat  causes  th^  oil  in  a 
stone  to  form  a  gummy  residue  on  the  surface 
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CHAPTER  4 

WOODWORKING:  MATERIALS  AND  METHODS 


i 

Of  all  the  different  construction  materials, 
wood  is  probably  the  most  often  used  and 
perhaps  the  most  important.  The  variety  of  uses 
of -wood  is^prac tk ally  unlimited-  Few  SEABEE 
conduction  projects  are  accomplished  without 
using  ,  some  type  of  wood.  It  is  used  for 
permanent  structures  as  well  as  concrete  forms, 
scaffolding,  shoring  and  bracing  which  may  be 
used  again  and  again.  The  types,  sources,  uses, 
and  characteristics  of  common  woods  are  given 
in  tahlg  4^.  Th&  types  and  classifications  of 
woOd*for*a  fafge  project  are  usually  designated 
in  the  project  specifications  and  included  in  the 
project  drawings. 

Many  methods  and  procedures  are  used  in 
woodworking.  These  are  described  later  in  the 
chapter  and  include  the  layout,  cutting*  fitting, 
and  installation  of  moldings,  cornices,  cabinets* 
and  trim.  In  woodworking,  regardless  of  the 
method  or  procedure  used,  there  is  always  the 
concern  for  safety.  Precautions  must-^  be 
observed  as  they  .apply  to  the  job  being  done. 


LUMBER 


The  terms  wood,  lumber,  and  timber  are 
often  spoken  or  written  in  ways  to  suggest  that 
their  meanings  are  alike  or  nearly  so.  But  in  the 
Builders'  language,  the  terms  have  distinct, 
separate  meanings*  WOOD  is  the  hard,  fibrous 
substance  forming  the  m^jor  part  of  the  trunk 
and  branches  of  a  tree.  LUMBER  is^wood  that 
has  been  cut  and  surfaced  for  use  in 
construction  work*  TIMBER  is  lumber  that  is  5 
inches  or  more  in  both  thickness  and  width. 


SEASONING  OF  LUMBER 

Seasoning  of  lumber  is  the  result  of 
removing  moisture  from  the  small  and  la^ge  cells 
of  wood.  The  advantages  of  seasoning  lumber 
are  to  reduce  its  weight,  increase  its  strength  and 
resistance  to  decay,  and  decrease  shrinkage 
which  tends  to  avoid  checking  and  warping  after 
it  is  placed*  Lumber  is  seasoned  by  drying, 
which  means  exposure  to  air.  By  a  seldom  used 
and  rather  slow  method  of  seasoning,  lumber  is 
air-dried  in  a  shed  or  stacked  in  the  open  until 
dry.  By  a  faster  method,  known  as  kiln  drying, 
the  lumber  is  placed  in  a  large  oven  or  kiln  and 
dried  with  heat  supplied  by  gas-  or  oil-fired 
burners.  Lumber  is  considered  dry  enough  for 
most  uses  when  its  moisture  content  has  been 
reduced  to  about  12or  15  percent.  As  a  Builder, 
you  will  learn  to  judge  the  dryness  of  lumber  by 
its  color,  weight,  smell,  and  feel*  Also,  after  the 
lumber  is  cut,  you  will  be  able  to  judge  the 
moisture  content  by  looking  at  the  shavings  and 
chips. 

DEFECTS  AND  BLEMISHES 

A  DEFECT  in  lumber  is  any  flaw  which 
tends  to  affect  the  strength,  durability,  or  utility 
value  of  the  lumber.  A  BLEMISH  is  a  flaw  which 
njars  only  the  appearance  of  lumber.  But  a 
blemish  affecting  the  utility  value  of  lumber  is 
also  considered  to  be  a  defect*  For  example,  a 
tight  knot  which  mars  the  appearance  of  lumber 
intended  for  fine  cabinet  work* 

Various  flaws  apparent  in  lumber  are  listed 
below.  As  described,  each  flaw  is  considered  to 
be  a  defect  unless  identified  as  a  blemish. 
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Table  4-1. -Common  Wood* 


Type 

Sources 

Uses 

Characteristics 

Ash  

East  of  Rockies  •  * 

Oars,  boat  thwarts, 
benches,  gratings, 
hammer  handles, 
cabinets,  ball  bats, 
wagon  construction 
farm  implements. 

Strong,  heavy,  hard,  tough, 
elastic,  close  straight 
grain,  shrinks  very  little, 
takes  excellent  finish, 
lasts  well. 

Balsa 

Rafts,  food  boxes,  linings 
of  refrigerators,  life 
preservers,  loud 
speakers,  sound-proofing, 
air-conditioning  devices, 

mnHpl  aimlanp  rnnfttntr* 

tion. 

Lightest  of  all  woods,  very 
soft,  strong  for  its 
weight,  good  heat  insulat- 
ing qualities,  odorless. 

Basswood  * 

Eastern  half  of  U.S. 
with  exception  of 
coastal  regions. 

Low-grade  furniture, 
cheaply  constructed 
buildings,  interior 
finish,  shelving, 
drawers,  boxes,  drain- 

novelties,  excelsior, 
general  millwork. 

Soft,  very  light,  weak,  brit- 
tle, not  durable,  shrinks 
considerably,  inferior  to 
poplar,  but  very  uniform, 
works  easily,  takes 

ccip&wjg.  onH       1 1  c  tirf^l  1 

3L1  CW3  dJJU  Mails  W\ll 

and  does  not  twist  or 
warp. 

Beech*  *  *  * 

East  of  Mississippi, 
Southeastern 
Canada* 

Cabinetwork,  imitation 
mahogany  furniture, 
wood  dowels,  capping, 
boat  trim,  interior 
finish,  tool  handles, 
turnery,  shoe  lasts, 
carvinfr*  flooring. 

Similar  to  birch  but  not  so 
durable  when  exposed  to 
weather,  shrinks  and 
checks  considerably, 
close  grain,  light  or  dark 
red  color. 

Birch  ♦  *  ♦  * 

East  of  Mississippi 
River  and  North  of 
Gulf  Coast  States, 
Southeast  Canada, 
Newfoundland* 

Cabinetwork,  imitation 
mahogany  furmture, 
wood  dowels,  capping, 
boat  trim,  interior 
finish,  tool  handles, 
turnery,  carving. 

Hard,  durable,  fine  grain, 
even  texture,  heavy,  stiff, 
strong,  tough,  takes  high 
polish,  works  easily, 
forms  excellent  base  for 
white  enamel  "finish,  but 
not  durable  when  exposed, 
Heartwood  is  light  to  dark 
reddish  brown  in  color. 

Butternut 

Southern  Canada, 
Minnesota, 
Eastern  U*  S-  as 
far  south  as 
Alabama  and 
Florida- 

Toys,  altars,  woodenware, 
millwork,  interior  trim, 
furniture,  boats,  scien- 
tific instruments. 

Very  much  like  walnut  in 
color  but  softer,  not  so 
soft  as  whHe  pine  and  bass- 
wood,  easy  to  work,  coarse 
grained,  fairly  strong, 

103.127,1 
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Tabl*  4-1.-Commtm  Woodi-Continued 


Type 

Sources 

Uses 

Characteristics 

Cypress .  -  -  . 

Maryland  to  Texas, 
along  Mississippi 
vaiiey  to  Illinois  * 

Small  boat  planking, 
siding j  shingles,  sash, 
Qoors,  utnrvo ,  aiiua, 
railway  ties. 

Many  characteristics  similar 
to  white  cedar.  Water  re- 

SlSlani  VlliilHitCiD  niaKc  *t 

excellent  for  use  as  boat 
planking. 

Douglas  Fir.  • 

Pacific  Coast, 

^3      1     "h  ^  1%.           Alii  frM  Kli1! 

oruisn  i^oiumoia. 

Deck  planking  on  large 
an  ips,  t>fjurct>,  t>truii^ 
backs,  plugs,  filling 
pieces  and  bulkheads  of 
small  boats,  building 
construction,  dimension 
timber,  plywood. 

Excellent  structural  lumber, 

airung,,  easy  tu  wui  k,  ticar 

straight  grained,  soft,  but 
brittle,  Heartwood  is  dur- 
able in  contact  with  ground, 
best  structural  timber  of 
northwest  * 

States  east  of 

Agricultural  implements, 
wheel-stock,  boats,  fur- 
niture, crossties,  posts, 
poles. 

Slippery,  heavy,  h^ird,  tough, 
durable,  difficult  to  split, 
not  resistant  to  decay. 

Colorado. 

Arkansas,  Tennes- 
see, Ohio,  Ken- 
tucky* 

Tools,  handles,  wagon 
stock,  hoops,  baskets, 
vemcies,  wagon  spoKes, 

Very  heavy,  hard,  stronger 
and  tougher  than  other 
native  woods,  but  checks, 
shrinks,  difficult  to  work, 
subject  to  decay  and  insect 
attack. 

Lignum 
Vitae  

Central  America, 

Block  sheaves  and  pulleys, 
waterexposed  shaft  bear- 
ings of  small  boats  and 
ships,  tool  handles, 
small  turned  articles, 
and  mallet  heads. 

Dark  greenish  brown,  unu- 
sually hard,  close  grained, 
very  heavy,  resinous,  diffi- 
cult to  split  and  work,  has 
soapy  feeling. 

Live  Oak  ,  ♦  . 

Southern  Atlantic 
and  Gulf  Coasts 
of  U.S.,  Oregon, 
California, 

Implements,  wagons,  ship 
building* 

Very  heavy,  hard,  tough, 
strong,  durable,  difficult  to 
work,  light  brown  or  yellow 
sap  wood  nearly  white. 

Mahogany  ,  ,  , 

Honduras,  Mexico, 
Central  America, 
Florida,  West 
Indies,  Central 
Africa,  other 
tropical  sections. 

Furniture,  boats,  decks, 
fixtures,  interior  trim 
in  expensive  homes, 
musical  instruments. 

Brown  to  red  colo.-,  one  of 
most  useful  of  cabinet 
woods,  hard,  durable,  does 
not  split  badly,  open 
grained,  takes  beautiful 
finish  when  grain  is  filled 
but  checks,  swells,  shrinks, 
warps  slightly. 
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Table  4*1.-Common  Woodi-Comlnued 


Type 


Sources 


Uses 


Characteristics 


Maple, 


Norway 
Pine  -  , 


Philippine 
Mahogany; 


Poplar  ,  ,  # 


Red  Cedar,  * 


Red  Oak . 


Redwood 


All  states  east  of 
Colorado,  South- 
ern Canada. 


States  bordering 
Great  Lakes. 


Philippine  Islands 


Virginias,  Tennes- 
see ,  Kentucky, 
Mississippi 
Vallev. 


East  of  Colorado 
and  north  of 
Florida, 


Virginias,  Tennes- 
see, Arkansas, 
Kentucky,  Ohio, 
Missouri,  Mary- 
land . 


California. 


Excellent  furniture,  high- 
grade  floors,  tool  handles, 
ship  construction  cross- 
ties,  counter  tops, 
bowling  pins- 


Dimension  timber,  masts, 
spars,  piling,  interior 
trim. 

Pleasure  boats,  medium-,, 
grade  furniture,  interior 
trim. 


Low-grade  furniture 
cheaply  constructed 
buildings,  interior 
finish,  shelving,  drawers, 
boxes. 


Mothproof  chests,  lining 
for  linen  closets,  sills, 
and  other  uses  similar 
to  white  cedar. 


Interior  finish,  furniture, 
cabinets,  millwork, 
crossties  when  preserved. 


General  construction, 
tanks,  paneling. 


Fine  grained,  grain  often 
curly  or  "Bird's  Eyes/1 
heavy,  tough,  hard,  strong, 
rather  easy  to  work,  but 
not  durable.   Heartwood  is 
light  brown,  sap  wood  is 
nearly  white- 

Light,  fairly  hard,  strong, 
not  durable  in  contact  with 
ground. 

Not  a  true  mahogany, 
shrinks,  expands,  splits, 
warps,  but  available  in 
long,  wide,  clear  boards. 

Soft,  cheap,  obtainable  in 
wide  boards,  warps, 
shrinks,  rots  easily,  light, 
brittle,  weak,  but  works 
easily  and  holds  nails  well, 
fine-textured. 

Very  light,  soft,  weak,  brit- 
tle, low  shrinkage,  great 
durability,  fragrant  scent, 
generally  knotty,  beautiful 
when  finished  in  natural 
color,  easily  worked. 

Tends  to  warp,  coarse  grain, 
does  not  last  well  when  ex- 
posed to  weather,  porous, 
easily  impregnated 
with  preservative,  heavy, 
tough,  strong. 

Inferior  to  yellow  pine  and 
fir  in  strength,  shrinks  and 
splits  little,  extremely 
soft,  light,  straight  grained, 
very  durable,  exceptionally 
decay  resistant 
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Table  4-1  .-Common  Woods-Continued 


Sources 


Uses 


Characteristics 


New  York,  New 
England,  West 
Virginia,  Central 
Canada,  Great 
Lakes  States, 
Idaho,  Washington, 
Oregon. 

California,  Oregon. 


India,  Burma, 
Siam,  Java. 


Eastern  half  of  U.S 
except  Southern 
Atlantic  and  Gulf 
Coasts,  some  in 
New  Mexico, 
Arizona, 
California  - 


Eastern  Coast  of 
U.S. ,  and  around 
Great  Lakes.. 


White  Oak ,  , 


Virginias,  Tennes- 
see, Arkansas, 
Kentucky,  Ohio, 
Missouri,  Mary- 
land, Indiana 


Railway  ties,  resonance 
wood,  plies,  airplanes, 
oars,  masts,  spars, 
baskets. 


Same  as  white  pine. 


Deck  planking,  shaft 
logs  for  small  boats. 


Expensive  furniture,  cab- 
inets, interior  woodwork, 
gun  stocks*  tool  handles, 
airplane  propellers,  fine 
boats,  musical  instru- 
ments. 


Boat  planking,  railroad 
ties,  shingles,  siding, 
posts,  poles. 


Boat  and  ship  stems,  stern- 
posts,  knees,  sheer 
strakes,  fenders,  cap- 
ping, transoms,  shaft 
logs,  framing  for  build- 
ings, strong  furniture, 
tool  handles,  cro&sties, 
agricultural  implements, 
fence  posts. 


Light,  soft,  low  strength, 
fair  durability,  close  grain, 
yellowish,  sap  wood 
indistinct- 


Very  light,  soft,  resembles 
white  pine. 

Light  brown  color,  strong, 
easily  worked,  durable, 
resistant  to  damage  by 
moisture. 

Fine  cabinet  wood,  coarse 
grained  but  takes  beautiful 
finish  when  pores  closed 
with  woodflller,  medium 
weight,  hard,  strong, 
easily  worked,  dark  choco- 
late color,  does  not  warp  or 
check,  brittle- 
Soft,  lightweight,  close 
grained,  exceptionally  dur- 
able when  exposed  to  water, 
not  strong  enough  for  build- 
ing construction,  brittle, 
low  shrinkage,  fragment, 
generally  knotty. 

Heavy,  hard,  strong,  medium 
coarse  grain,  tough,  dense, 
most  durable  of  hardwoods, 
elastic,  rather  easy  to  work, 
hit  shrinks  and  likely  to 
check.  Light  brownish 
grey  In  color  with  reddish 
tinge,  medullary  rays  are 
large  and  outstanding  and 
present  beautiful  figures 
when  quarter  sawed,  re- 
ceives high  polish 
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Tabte  4-1.-Common  Woodt-Contiauett 


Tvoe 

J  r  ^ 

Sou  rcp^ 

Uses 

Characteristics 

White 

Minnesota,  Wiscon- 
sin, Maine,  Mich- 
igan, Idaho, 
Montana,  Wash- 
ington, Oregon, 
California 

Patterns,  ar.y  interior  job 
or  exterior  )o'o  that  does- 
n't require  maximum 
strength,  window  sash, 
interior  trim,  miUwork, 
cabinets,  cornices. 

Easy  to  work,  fine  grain, 
free  of  knots,  takes  excel- 
lent finish,  durable  when 
exposed  to  water,  expands 
when  wet,  shrinks  when  dry, 
soft,  white,  nails  without 
splitting,  not  very  strong, 
straight  grained. 

Yellow 

Virginia  to  Texas. 

Most  important  lumber  for 
heavy  construction  and 
exterior  work,  keelsons, 
risings,  filling  pieces, 
clamps,  floors,  bulkheads 
of  small  boats,  shores, 
wedges,  plugs,  strong- 
backs,  staging,  joists, 
posts,  piling,  ties,  paving 
blocks. 

Hard,  strong,  heartwocd  is 
durable  in  the  ground,  grain 
varies,  heavy,  tough,  red- 
dish brown  in  color,  resin* 
ous,  medullary  rays  well 
marked- 

BARK  POCKET-Patch  of  bark  over  which 
the  tree  has  grown,  and  which  it  has  entirely  or 
almost  entirely  enclosed. 

CHECK -Separation  along  the  lengthwise 
grain,  caused  by  too  rapid  or  nonuniform 
drying. 

CROSS  GRAIN-Grain  does  not  run  parallel 
to  or  spirals  around  the  lengthwise  axis. 

DECAY- Deterioration  caused  by  various 
fungi, 

KNOT-Root  section  of  a  branch  that  may 
appear  on  a  surface  in  cross  section  or 
lengthwise.  A  cross*section  knot  may  be  loose  or 
tight  A  lfjigthwise  knot  is  called  a  SPIKE 
KNOT. 

PITCH  POCKET -Deposit  of  solid  or  liquid 
pitch  enclosed  in  the  wood. 
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SHAKE-Separation  along  the  lengthwise 
grain  ttiat  exists  before  the  tree  is  cut.  A 
HEART  SHAKE  moves  outward  from  the  center 
of  the  tree  and  is  caused  by  decay  at  the  center 
of  the  trunk.  A  WIND  SHAKE  follows  the 
circular  lines  of  the  annual  rings;  its  cause  is  not 
definitely  known. 

BLUE  STAIN-Blemish  caused  by  a  mold 
fungus;  it  does  not  weaken  the  wood. 

WANE -Flaw  in  an  edge  or  corner  of  a  board 
or  timber.  It  is  caused  by  the  presence  of  bark  or 
lack  of  wood  in  that  part. 

WARP-Twist  or  curve  that  develops  in  a 
once  flat  or  straight  board  due  to  shrinkage. 

SIZES  OF  LUMBER 

Standard  lumber  sizes  have  been  established 
in  the  United  States  for  uniformity  in  planning 
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structures  and  in  ordering  materials*  Lumber  is 
identified  by  NOMINAL  SIZES.  The  nominal 
size  of  a  piece  of  lumber  is  larger  than  the  actual 
DRESSED  dimensions.  By  referring  to  table  4-2, 
you  can  determine  the  common  widths  and 
thicknesses  of  lumber  in  their  NOMINAL  and 
DRESSED  dimensions. 

CLASSIFICATION 
OF  LUMBER 

In  general,  softwood  lumber  is  classified 
according  to  its  use,  type  of  manufacture,  and 
size. 


Use 


Softwood  lumber  is  classified  by  use  as 
YARD,  STRUCTURAL,  FACTORY,  and  SHOP 
lumber  Yard  lumber  consists  of  those  grades, 
sizes*  and  patterns  generally  intended  for 
ordinary  building  purposes.  Structural  lumber  is 
2  or  more  in.  in  nominal  thickness  and  width 
and  is  used  where  working  stresses  are  required. 
Factory  and  shop  lumber  is  used  primarily  for 
building  cabinets  and  interior  finish  work. 


Manufacturing 


Manufacturing  classifications  consist  of 
ROUGH,  DRESSED  ^surfaced),  and  WORKED 
lumber  Rough  lumber  has  not  been  dressed,  but 
has  been  sawed,  edged,  and  trimmed.  Dressed 
lumber  has  been  planed  on  one  or  more  sides  to 
attain  smoothness  and  uniformity.  Worked 
lumber,  in  addition  to  being  dressed,  has  also 
been  matched,  shiplapped,  or  patterned. 
Matched  lumber  is  tongue  and  groove,  either 
sides  and/or  ends.  Shiplapped  lumber  has  been 
rabbeted  on  both  edges  to  provide  a  close-lapped 
joint.  Patterned  lumber  is  designed  to  a  pattern 
or  molded  form. 

Size 

Softwood  lumber  is  classified  by  its  nominal 
size  as  BOARDS,  DIMENSIONS,  and  TIMBERS. 
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(See  table  4-2.)  Boards  are  less  than  2  inches  in 
thickness  and  2  or  more  inches  in  width.  Those 
less  than  6  inches  in  width  may  be  classified  as 
strips.  Dimensions  are  from  2  in.  to,  but  not 
including,  S  inches  in  thickness  and  2  in.  or 
more  in  width.  Joists,  planks,  rafters,  and  studs 
are  examples  of  dimension  lumber.  Timbers  are 
5  or  more  in.  in  both  thickness  and  width. 
Beams,  girders,  posts,  caps,  etc.,  are  classified  as 
timbers. 


GRADING  OF  LUMBER  (SOFTWOODS) 


Lumber  is  graded  for  quality  in  accordance 
with  American  Lumber  Standards  set  by  the 
National  Bureau  of  Standards  for  the  U.S. 
Department  of  Commerce.  The  m^jor  quality 
grades,  in  descending  order  of  quality,  are 
SELECT  LUMBER,  and  COMMON  LUMBER. 
Each  of  these  grades  has  subdivisions  in 
descending  order  of  quality  as  follows: 

GRADE  A  lumber  is  select  lumber  which  is 
practically  free  of  defects  and  blemishes. 

GRADE  B  lumber  is  select  lumber  which 
contains  a  few  minor  blemishes. 

GRADE  C  lumber  is  finish  lumber  which 
contains  more  numerous  and  more  significant 
blemishes  than  grade  B.  It  must  be  capable  of 
being  easily  and  thoroughly  concealed  with 
paint. 

GRADE  D  lumber  is  finish  lumber  which 
contains  more  numerous  and  more  significant 
blemishes  than  grade  C,  but  which  is  still  capable 
of  presenting  a  satisfactory  appearance  when 
painted. 

NO.  1  COMMON  lumber  is  sound, 
tightknotted  stock,  containing  only  a  few  minor 
defects.  It  must  be  suitable  for  use  as  watertight 
lumber. 

NO.  2  COMMON  lumber  contains  a  limited 
number  of  significant  defects*  but  no  knotholes 
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Table  4-2.— Nominal  and  Dressed  Sizes  of  Lumber 


ITEM 

THICKNESSES 

FACE  WIDTHS 

NOMINAL 

DRESSED 
Inches 

NOMINAL 

DRESSED 
Inches 

i 

1-1/2 

■3 
3 

l-Ml 

4 

3-1/2 

5 

4-1/2 

1 

3/4 

6 

5-1/2 

7 

6-1/2 

Boards 

i-1/4 

1 

8 

7-1/4 

9 

8-1/4 

1-1/2 

1-1/4 

10 

9-1/4 

1 1 

10-1/4 

12 

11-1/4 

14 

13-1/4 

16 

15-1/4 

1-1/2 

3 

2-1/2 

4 

3-1/2 

1-1/2 

5 

4-1/2 

Dimension 

2-1/2 

6 

5-1/2 

3 

2-1/2 

8 

7-1/4 

3-1/2 

3 

10 

9-1 1 4 

12 

11-1/4 

14 

13-1/4 

16 

15-1/4 

2 

1-1/2 

i.i  it 

4 

3-1/2 

5 

4-1/2 

Dimension 

4 

3-1/2 

6 

5-1/2 

4-1/2 

4 

8 

7-1/4 

10 

9-1/4 

12 

11-1/d 

'  14 

16 

Timbers 

5  & 

Thicker 

5  & 
Wider 
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or  other  serious  defects.  It  must  be  suitable  for 
use  as  graintight  lumber, 

NO*  3  COMMON  lumber  contains  a  few 
defects  which  are  larger  and  coarser  than  those 
in  No.  2  Common;  occasional  knotholes,  for 
example, 

NO,  4  COMMON  lumber  is  low-quality 
material,  containing  serious  defects  like 
knotholes,  checks,  shakes,  and  decay, 

NO.  5  COMMON  is  capable  only  of  holding 
together  under  ordinary  handling. 


BOARD  MEASURE 


BOARD  MEASURE  is  a  method  of 
measuring  lumber  in  which  the  basic  unit  is  an 
abstract  volume  I  ft  long  by  I  ft  wide  by  1  in, 
thick*  This  abstract  volume  or  unit  is  called  a 
BOARD  FOOT, 

rhere  are  several  formulas  for  calculating  the 
number  of  board  feet  in  a  piece  of  given 
dimensions.  Since  lumber  dimensions  are  most 
frequently  indicated  by  width  and  thickness  in 
inches  and  length  in  feet,  the  following  formuJa 
is  probably  the  most  practical 


Thickness  in  inches  *  width  tn  inches  k  length  tn  feet 
J2 


-  board  feci 


Suppose  you  are  calculating  the  number  of 
board  feet  in  a  14-ft  length  of  2  by  4.  Applying 
the  formula,  you  get. 


I  2 

J ^   3  ~  9  1/3  bd  ft 


0 
3 


The  chief  practical  use  of  board  measure  is 
in  cost  calculations,  since  lumber  is  bought  and 
sold  by  the  board  foot.  Any  lumber  less  than 
I  in,  thick  is  presumed  to  be  1  in,  thick  for 


board  measure  purposes  Board  measure  is 
calculated  on  th^  basis  of  the  NOMINAL,  not 
the  DRESSED  (actual),  dimensions  of  lumber. 
As  explainer  above,  the  actual  size  of  a  piece  of 
dimension  lumber  (such  as  a  2  by  4,  for 
example)  is  usually  less  than  the  nominal  size. 


HANDLING  AND  STORAGE 
OF  LUMBER 


The  advances  made  in  the  mechanized 
handling  of  lumber  have  to  a  great  extent 
changed  storage  and  handling  methods.  The 
development  of  handling  equipment,  such  as 
forkiift  and  straddle  trucks  or  carriers,  that  can 
be  used  to  pile,  unpiie,  and  transnort  lumber  has 
brought  about  revolutionary  changes  in  storage 
and  handling  practices;  the  most  notable  being 
the  handling  of  lumber  in  packages  (drafts). 
Regardless  of  whether  lumber  is  handled  by 
mechanized  equipment  or  by  manual  labor,  the 
objectives  of  storage  and  handling  are 
unchanged. 

The  objective  of  lumber  storage  is  to 
maintain  the  lumber  at  or  bring  it  to  a  moisture 
content  suitable  for  its  end  use  with  a  minimum 
of  deterioration.  The  objective  ,  of  lumber 
handling  is  to  load,  transport,  unload,  pile,  and 
unpile  lumber  economically  and  without 
damage.  Both  of  these  objectives  are  obtained 
easily  jf  good  handling  and  storage  practices  are 
followed,  Ade^^ate  protection  of  lumber  in 
storage  will  help  prevent  attack  by  fungi,  insects, 
and  changes  in  moisture  content  that  will  result 
in  checking,  warping,  and  statn  in  lumber  and 
make  it  unsuitable  for  the  intended  u*u+ 

The  storage  yard  should  be  located  near  a 
spot  where  the  lumber  is  easily  accessible  for 
use.  The  best  location  would  be  on  high,  level 
and  well-drained  ground— away  from  bodies  of 
water  or  \v;nd*obstructing  objects,  such  as  tall 
trees  or  buildings,  and  away  from  operating 
vehicles  or  equipment  that  might  damage  the 
lumber,  A  low  level  site  is  likely  to  be  damp  and 
sheltered  from  the  flow  of  fresh  air-conditions 
that  may  retard  drying  and  expose  the  lumber  to 
stain  and  decay. 
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Figure  4-1,— Laminated  lumber. 


45.869 

Figure  4-Z-Built-up  beam, 


The  lumber  *nust  he  stacked  on  level  timber 
sills  w;th  solid  supports  to  prevent  direct  contact 
with  the  ground.  All  nails  protruding  from  used 
lumber  should  be  pulled  out  before  it  is  stacked. 
The  height  of  the  lumber  pile  should  not  exceed 
;6  ft;  the  width  should  be  Jess  than  one-fourth 
the  height  Cross  strips  of  wood,  called  stickers, 
must  be  placed  in  piles  that  are  stacked  more 
than  4  ft  high.  When  the  lumber  is  unpiled,  each 
layer  must  be  removed  before  another  is  begun. 

Lumber  handlers  should  wear  leather  gloves 
and  hard  ha!s.  They  should  use  their  legs  in  lift- 
ing to  avoid  straining  their  backs.  A  load  that  is 
too  heavy  or  awkward  to  be  handled  for  one  per- 
son requires  handling  by  two  or  more  persons. 


LAMINATED  LUMBER 

Laminated  muber  (fig,  4-1)  is  made  of 
several  pieces  of  lumber,  called  laminations* 
Usually  !  1/2  in.  thick,  the  pieces  are  nailed, 
bolted,  oi  glued  together  with  the  grain  of  all 
pieces  running  parallel  Laminating  greatly 
increases  the  wood's  load-carrying  capacity  and 
rigidity.  When  extra  length  is  needed,  the  pieces 
are  spliced-with  the  splices  staggered  so  that  no 
two  aeftacent  laminations  are  spliced  at  the  same 
point*  BuiJt'up  beams  and  girders  are  examples 
of  laminated  lumber.  They  are  built  as  shown  in 
figure  4-2,  usually  nailed  or  bolted  together  and 
spliced. 

Laminations  may  be  used  independently  or 
with  other  materials  in  the  construction  of  a 
structural  unit.  Trusses  can  be  made  with 


45,870 

figure  4-3.-Truti  using  dominated  and  tawed  lumber. 
4*10 
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Figure  4-4.— Laminated  and  sawed  lumber  or  plywood 
beam. 


45.872 

Figure  4-5.-Stro$*ed  skin  panel. 


laminations  for  the  chords  and  sawed  lumber  for 
the  web  members.  (See  fig.  4-3.)  Special  beams 
may  be  constructed  with  laminations  for  the 
flanges  and  plywood  or  sawed  lumber  for  the 
web,  as  shown  in  figure  4-4.  A  unit,  such  as 
plywood  box  beams  and  stressed  skin  panels, 
can  contain  both  plywood  and  laminations.  (See 
fig.  4-5.) 

Probably  the  greatest  use  of  laminations  is  in 
the  fabrication  of  large  beams  and  arches,  beams 
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Figure  4-6.-Searf  joints. 


with  spans  in  excess  of  1 00  ft  and  depths  of 
8  l/2  ft  have  been  constructed  using  2-in. 
boards.  Laminations  this  large  arc  factory 
produced.  They  are  glued  together  under 
pressure.  Most  laminations  are  spliced  using 
SCARF  JOINTS  (fig-  4-6),  and  the  entire  piece 
is  dressed  to  insure  uniform  thickness  and  width. 
The  depth  of  the  lamination  is  placed  in  a 
horizontal  position  and  is  usually  the  full  width 
of  the  beam.  (See  fig.  4-7.) 


PLYWOOD 


Plywood  is  a  panel  product  made  from  thin 
sheets  (plys)  of  wood  called  veneers  which  are 
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Figjro  4-7.— Laminated  beam. 

laminated  together.  The  grain  of  each  ply 
normally  runs  at  right  angles  to  adjacent  plys, 
(See  figf  4-8.)  An  odd  number  of  veneers-three, 
five,  or  seven-is  generally  used  so  the  grain 
direction  on  the  face  and  back  of  the  panel  run 
in  the  same  direction,  Cros$*lami  nation 
distributes  the  grain  strength  in  both  directions, 
creating  a  panel  that  is  split-proof  and  pound  for 
pound,  one  of  the  strongest  building  materials 
available.  Plywood  can  be  worked  quickly  and 
easily  with  common  carpentry  tools.  It  holds 
nails  well  and  normally  does  not  split  when  nails 
are  driven  close  to  the  edges.  Finishing  plywood 
presents  no  unusual  problems  as  it  may  be 
sanded  or  texture  coated  with  a  permanent 
finish,  or  it  may  be  left  to  weather  naturally. 

There  is  probably  no  building  material  as 
versatile  as  plywood.  It  is  used  for  concrete 
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forms,  wall  and  roof  sheathing,  flooring,  box 
beams,  soffits,  stressed-skin  panels,  paneling, 
shelving,  doors,  furniture,  cabinets,  crates,  signs, 
and  many  other  items. 


SIZES  OF  PLYWOOD 


Plywoods  panels  commonly  used  in  building 
construction  come  in  standard  sizes  of  4  ft  by 
8  ft  or  48  in.  by  96  in.  £n  metric,  this  might  very 
well  go  to  1200  by  2400  millimeters. 

Plywood  is  available,  however,  in  panel 
widths  of  36,  48,  and  60  in.  Panel  lengths  range 
from  60  to  144  inches  in  12  in.  increments. 
Other  sizes  of  plywood  are  available  on  special 
order.  The  thickness  of  plywood  usually  runs 
from  1/4  to  3/4  in,  but  other  sizes  and  thickness 
may  be  obtained. 


GRADES  OF 
PLYWOOD 

All  J>ly  wood  panels  are  graded  as  to  quality, 
based  on  products  standards  (currently  PS  1-74). 
The  ftrade  of  each  type  of  plywood  is 
detenrjined  by  the  kind  of  veneer  (N,  A,  B,  C,  or 
D)  used  for  the  face  and  back  of  the  panel  (fig. 
4-9)  and  also,  the  type  of  glue  used  in 
construction.  For  example,  a  sheet  of  plywood 
having  the  designation  A-C  would  have  the  A 
grade  veneer  on  the  face  and  the  C  grade  veneer 
on  the  back.  Grading  is  also  based  on  the 
number  of  defects,  such  as  knotholes,  pitch 
pockets*  splits,  discoloration s,  and  patches  in  the 
face  of  each  panel  £ach  Pane'  or  sheet  of 
plywood  has  a  stamp  on  the  back  which  gives  all 
the  information  you  will  need.  (See  fig.  4-10.) 


N  Special  order  "natural  finish"  veneer. 
Select  all  heartwood  or  all  sapwood. 
Free  of  open  defects.  Allows  some 
repairs. 

A  Smooth  and  paintable.  Neatly  made 
repairs  permissible.  Also  used  for  natural 
finish  in  less  demanding  applications. 

B  Solid  surface  veneer.  Circular  repair 
plugs  and  tight  knots  permitted. 

C  Knotholes  to  l".  Occasional  knotholes 
1  f2"  larger  permitted  providing  total 
width  of  all  knots  and  knotholes  within 
a  specified  section  does  not  exceed 
certain  limits.  Limited  splits  permitted. 
Minimum  veneer  permitted  in  Exterior- 
type  plywood. 

C      Improved  C  veneer  with  splits  limited  to 
Rdg     1/8"  in  width  and  knotholes  and  borer 
holes  limited  to  1/4"  by  1/2". 

D  Permits  knots  and  knotholes  to  2-1/2"  in 
width  and  1/2"  larger  under  certain 
specified  limits.  Limited  splits  permitted. 

Rgur*  4-9,-Ptywood  veneer  grades, 


TYPICAL  BACK-STAMP 


tftAOE  Of  vEn£  Eft  ON 
panEi  back 


SPEC'ES  Gfl4^P 
NUMtff ft  


OESitSAtES  TuE 
txrf^oa  Oft  MTEftiOft 


PftCOutT  SrtnOjftD  GQvEamrfG 


^ROUPIIAPA 

-£XTERIOR 

PS  1-74 


MjlL  NUifBEa 


TYPICAL  EDGE-MARK 

CftAOE  Of  vEftECft  ON  nnii.  tttt 


WSiGfcATES  THE  TV*E  CF  *L»mOOD 
fxHttdR  0«  i»TC*<08 

MOOJCT  MAHOAftt) 
GG.'E*Ni*G 


A  C   G;l  EXT  APA  ■  PS  174  000 


stills  b*0vi>  numbEa 


133>425 

Figure  4-10. -Standard  identification  *ymboli. 
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TYPES  OF  PLYWOOD 

Plywood  is  classified  into  two  types. 
INTERIOR  and  EXTERIOR,  Types  are 
determined  by  their  capability  to  withstand 
weather  exposure  and  also  denotes  their  veneer 
grade  and  adh esive  durabil ity,  There  are  a 
number  of  grades  wiihin  each  type  of  plywood 
which  are  based  on  the  quality  of  the  veneer  of 
the  panel. 

Interior -type  plywood  will  withstand  an 
occasional  wetting  during  construction,  but 
shou*d  not  be  permanently  exposed  to  the 
elements.  Within  the  interior-type  classification, 
there  are  three  levels  of  adhesive  durability:  (l) 
interior  with  interior  glue,  which  may  be  used 
where  the  plywood  will  not  be  subject  to 
continuing  moisture  conditions  or  extreme 
humidity;  (2)  interior  with  intermediate  glue 
which  is  bonded  with  adhesives  possessing 
high-level  resistance  to  bacteria,  mold,  and 
moisture;  and  U)  interior  with  exterior 
waterproof  glue.  Because  of  the  roughness  of  the 
innei  plys  of  interior  piywood.  these  panels  are 
not  equal  in  durability  to  exterior  pi)  wood. 

Exterior-type  plywood  is  produced  with  C 
grade  veneers  or  tetter  throughout  and  bonded 
thoroughly  with  a  waterproof  adhesive.  It 
retains  the  glue  bond  when  wet  and  dried 
repeatedly  or  otherwise  subjected  to  the 
weather.  It  is  intended  for  permanent  exterior 
exposure. 


SPECIAL  PURPOSE  PLYWOOD 


Some  types  of  plywood  are  manufactured 
for  specific  purposes  Among  these  types  are  the 
structural,  sheathing,  overlaid  panels,  decora!i\e 
panels*  and  concrete  form  panels.  See  figure 
4-11  for  some  of  the  suggested  uses  of  the 
various  types  of  plywood, 

Structural 

These  are  unsanJed  grades  of  OD  plywood 
made    only    with    exter.oi    glue.  Structural 
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ply  wood  is  recomm  ended  for  heavy  load 
application  where  strength  properties  are  of 
maximum  importance.  Such  would  include  box 
beams*  gusset  plates*  and  stressed  skin  panels. 


Sheathing 


Intenor-type  standard  C-D  sheathing  is  used 
for  subflooring,  wall  sheathing,  and  roof 
decking.  The  face  and  baek  are  of  the  lower 
grades  and  an  exterior-type  glue  is  used.  It  is 
basically  used  in  places  that  may  be  exposed  to 
moisture  during  construction,  but  is  covered 
when  construction  is  complete. 


Overlaid  Panels 


Overlaid  panels  are  exterior  or  interior 
ply  wood  wh  ieh  ha:>  a  resin-treated  fiber- 
surfacing  material  on  one  or  both  sides.  The 
overlaid  panels  are  treated  so  they  will  take 
and  hold  paint  and  finishes  more  readily.  They 
are  recommended  for  use  in  furniture,  millwork, 
and  cabinets,  or  exterior  trim  and  painted 
finish  es. 


Decorative  Panels 


Decorative  panels  are  manufactured  for  both 
interior  and  exierior  uses.  Both  types  are 
basically  used  for  wall  sheathing.  The  exterior 
type  is  manufactured  in  a  multitude  of  designs 
and  patterns.  It  can  be  painted,  stained,  or  left 
to  weather  naturally.  Interior  paneling  also  is 
available  in  many  designs  and  patterns,  but  is 
usually  prefinished.  Decorative  panels  are  not 
only  available  in  the  wood  and  wood-like 
finishes,  but  also  in  many  other  types  of 
finishes, 

Concrete  Form  Panels 

This  type  of  plywood  has  a  coating  over  its 
exterior  face  to  make  it  moisture  resistant  and 
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SOFTWOOD  PLYWOOD  GRADES  FOR  EXTERIOR  USES 


GRADE 
(EXTERIOR) 


A-A 


FACE 


BACK 


INNER 
PLYS 


USES 


Outdoor  where  appearance  of  both  sides  is 
important. 


A-B 


x  Alternate  for  A-A,  where  appearance  of  one 
side  *s  less  important. 


A-C 


'  "Siding,  sot'flts,  fences.  Face  is  finish  grade. 


B-C 


For  utiiiiy  uses  such' as  farm  buildings,  some 
kinds  of  fences,  etc. 


C-C 
(Plugged) 


C 

Plugged 


/  Excellent  base  for  tile  and  linoleum,  backing 
for  wall  coverings. 


Unsanded,  for  backing  and  rough  construction 
exposed  to  weather.  J 


B-B 

Concrete  Forms 


Concrete  forms.  Re-use  until  wood  literally 
wears  ouV 


B  orC 


, — or 

C-I*lugged 


Medium  Density  Overlay.  Ideal  base  for  paint: 
for  siding,  built-ins,  signs,  displays. 


HDO 


A  or  B 


C-Pluggcd 


Higli  Density  Overlay.  Hard  surface;  no  paint; 
needed.  For  concrete  forms,  cabinets,  counter 
tops,  tanks. 


SOFTWOOD  PLYWOOD  GRADES  FOR  INTERIOR  USES 

GRADE 
(INTERIOR) 

FACE 

BACK 

INNER 
PLYS 

USES 

A-A 

A 

A 

D 

Cabinet  doors,  built-ms,  furniture  where  both 
sides  will  show. 

A-B 

— ^  

A 

B 

D 

Alternate  of  A-A.  Face  is  finish  grade,  back  is 
solid  and  smooth. 

A-D 

A 

D 

D 

Finish   grade   face   for  paneling,  built-ins, 
backing. 

B-D  \ 

B 

D 

D 

Utility  grade.  One  paintablc  side.  For  backing, 
cabinet  sides,  etc. 

STANDARD 

C 

D 

D 

Sheathing   and    structural    uses    such  as 
temporary  enclosures,  subfloor.  Unsanded. 

Figure  4-l1.-Hywood  uies. 
4-I5 
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nonadhesive  to  concrete  when  used  as  forming 
materia].  The  exterior  coating  reduces  the 
r,umber  of  times  forms  must  be  oiled  and 
allows  the  panels  to  be  reused  many  times. 

IDENTIFICATION  STAMPS 

Grading  identification  stamps,  indicating  the 
kind  and  type  of  plywood,  are  placed  not  only 
on  the  back  but  are  also  placed  on  the  edges  of 
each  sheet  of  plywood.  (See  fig.  4-10.) 

Figure  4-12  illustrates  the  stamps  found  on 
the  backs  of  structural  and  sheathing  panels. 
They  vary  somewhat  from  the  standard  stamps. 
The  grade  is  not  given  nor  is  the  species  group. 
The  index  numbers  48/24  and  32/16  give  the 
maximum  spacing  in  inches.  The  number  to  the 
left  of  the  slash  is  the  maximum  on  center 
spacing  of  supports  for  roof  decking.  The 
number  to  the  right  of  the  slash  is  the  maximum 
on  cente"  spacing  of  supports  for  subfloors.  A 
number  0  on  the  right  of  the  slash  would 
indicate  that  the  panel  should  not  be  used  for 
subflooring.  No  reference  to  the  index  number  is 
needed  when  the  panel  is  to  be  used  for  waif 
sheathing.  t  ^ 

PLYWOOD  STORAGE 


to  be  dry  when  received.  It  should  therefore,  be 
stored  in  a  closed  shed.  For  long  storage  in 
winter  or  the  rainy  season,  a  heated  storage 
building  is  recommended. 

Plywood  is  commonly  piled  solid.  Under 
humid  conditions,  there  is  some  tendency  for 
the  edges  to  swell  causing  an  uneven  dish-like 
pattern  especially  in  the  upper  panels  of  high 
stacked  piles.  Dishing  can  be  minimized  by 
placing  stickers  (strips  of  wood)  in  the  pile  at 
intervals  so  that  the  plywood  will  not  bend 
between  them. 


COMMON  WOOD  SUBSTITUTES 

There  are  many  other  common  construction 
materials  which  for  various  reasons  are  used  as 
wood  or  plywood  substitutes.  Some  are 
significantly  less  expensive  than  plywood,  and 
others  are  more  suitable  because  of  their 
decorative  appearance,  weather-resistant,  or  fire 
resistant  qualities.  Some  ot  these  wood 
substitutes  are  hardboard,  fiberboard,  panicle- 
board,  gypsum  wallboard,  and  cement-asbestos 
board. 


Because  of  the  conditions  of  its  manu- 
facture, plywood  can  generally  be  assumed 


HARDBOARD 


STRUCTURAL  1 


STRUCTURAL  11 


(atom 


48/24 ,  a 

INTERIOR  V 
EXTERIOR  GLUE 


(am) 


32/16 

INTERIOR  Vy 
KM  ftftft 

EXTERIOR  GLUE 


STANDARD 


32/16 

INTERIOR 


133.429 

Figure  4- 12. -Structural  *nd       thing  identification 
tymboft. 


Hardboard  is  made  by  separating  and 
treating  wood  fibers  which  are  subjected  to  heat 
and  heavy  pressure.  Hardboard  is  available  in 
thickness  from  1/8  to  3/8  in.  and  the  most 
common  size  sheets  are  4  by  8  ft*  but  other  sizes 
are  available.  The  finish  may  be  obtained  in  a 
plain*  smooth  surface  or  in  any  number  of  glossy 
firtfdhes,  some  of  which  imitate  tile  ot  stone. 
Because  hardboard  is  produced  by  compressing 
separated  wood  fibers,  it  has  no  grain,  and 
therefore,  no  splitting  or  slivering  occurs  when 
working  with  it.  Its  strength  is  equal  in  all 
directions,  and  it  can  be  bent  into  various 
shapes. 

FIBERBOARD 

Fiberboard  which  conforms  to  Federal 
Specification  LL-F-321,  is  made  of  wood  or 
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vegetable  fiber,  and  compressed  to  form  sheets 
or  board.  It  is  available  in  sizes  from  1/2  in.  to 
1  in,  thick,  2  to  4  ft  in  width,  and  8  ft  to  12  ft 
in  length,  Fiberboards  are  comparatively  soft 
and  provide  good  insulation  and  sound 
absorbing  qualities,  Fiberboard  usually  has  a 
rough  surface,  but  is  also  available  with  finished 
surfaces. 


PARTICLEBOARD 


Particleboard  is  commonly  referred  to  as 
flakeboard  or  chipboard.  It  is  produced  by 
mixing  a  resin  bonding  agent  with  wood 
particles  and  bonded  together  by  means  of  heat 
and  pressure.  The  most  common  st2e  sheets  are 
4ft  by  8  ft  and  vary  from  1/4  in,  to  1  1/2  in, 
thick,  Particleboard  is  very  low  in  strength  and 
generally  is  limited  to  nonstructural  use,  such  as 
furniture  or  floor  underlayment. 


GYPSUM  WALLBOARD 


Gypsum  wallboard*  which  conforms  to  Fed- 
eral Specifications  SS-L-306,  is  composed  of 
gypsum  between  two  layers  of  heavy  paper.  The 
most  common  thicknesses  of  this  wallboard  are 
l/4->  3/8-,  1/2-,  and  5/8  in.  Its  width  is  usually 
4  ft  and  its  length  varies  from  8  to  14  ft. 

Some  types  have  unfinished  surfaces*  while 
others  have  finishes  which  represents  woodgrain 
or  tile.  The  joints  of  the  unfinished  type  may  be 
covered  with  strips  of  joint  paper  to  form 
panels.  Another  commonly  used  type  of  gypsum 
wallboard  has  depressed  or  tapered  edges.  The 
joints  are  filled  with  a  special  cement  and  then 
taped  so  that  the  joints  do  not  show  and  then 
can  be  painted.  This  procedure  is  commonly 
known  as  DRYWALL,  It  is  particularly  useful  in 
office  and  berthing  spaces  where  sound 
deadening  and  fire  resistant  materials  are 
desired, 

CEMENT^ASBESTOS  BOARD 

Cement-asbestos  board  (CAB)  is  a  light- 
weight material  produced  by  mixing  Portland 


cement  and  asbestos  fibers.  It  is  light 
gray  in  color,  and  is  fire  and  weather  resistant. 
Cement-asbestos  board  can  be  obtained  in  flat  or 
corrugated  sheets,  but  the  flat  1/4  in,  by  4  ft  by 
8  ft  sheets  are  the  most  common  used  in 
construction,  CAB  is  not  normally  used  by  the 
SEABEES  in  new  construction,  but  is  most 
frequently  used  for  exterior  repairs  on  older 
buildings.  Remember,  this  type  materia] 
contains  asbestos,  and  extreme  caution  in 
avoiding  breathing  of  asbestos  particles  must  be 
observed  when  working  with  it.  Asbestos  has 
been  determined  to  have  caused  cancer.  Prior  to 
working  with  asbestos,  review  article  2058  of 
the  Safety  Precaution  for  Shore  Activities 
manual  NAVMAT  P-5100,  This  article  covers 
safety  precautions  to  observe  while  working 
around  mineral  dusts. 


WOODWORKING  METHODS 


The  following  sections  will  explain  some  of 
the  methods  used  in  woodworking  by  explaining 
the  procedures  involved  when  developing  various 
woodworking  joints, 

PLANING  AND  SQUARING 
TO  DIMENSIONS 


Planing  and  squaring  a  small  piece  of  board 
to  dimensions  is  what  you  might  call  the  first 
lesson  in  woodworking.  Like  many  other  things 
that  you  might  of  tried  to  accomplish,  it  looks 
easy  until  you  try  it.  The  six  m^jor  steps  in  this 
process  are  illustrated  and  described  in  figure 
4-13,  You  should  practice  these  steps  until  you 
can  get  a  smooth,  square  board  with  a  minimum 
of  planing. 


JOINTS  AND  JOINING 


One  basic  skill  of  woodworking  is  the  art  of 
JOINING  pieces  of  wood  to  form  tight,  strong, 
well-made  JOINTS.  The  two  pieces  which  are  to 
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PLANE  WE  BROAD  SURFACE  SMOOTH  ANO  STRAIGHT  TEST  IT 
CROSSWISE*  LENGTHWISE,  AND  FROM  CORNER  TO  CORNER  MARK 
THE  WORK  FACE  X 


Z  WORK  EDGE 

PLANE  OWE  EDGE  SMOOTH r  STRAIGHT  AttO  SOUAflE  TO  THE  WORK 
FACE  TEST  IT  FROM  THE  WORK  FACE   MARK  THE  WORK  EOCE  X 


3  WORK  ENO 

plane  one  end  smooth  and  square  t£st  *t  from  the  work 
face  ano  work  eoge  mark  the  work  end  x 


Figure  4-13,— Planing  and 


be  joined  together  are  called  MEMBERS.  The 
two  major  steps  in  making  joints  are  the  layout 
of  the  joint  on  the  ends,  edges,  or  faces  of  the 
members,  and  the  cutting  of  the  members  to  the 
required  shapes  for  joining. 

The  instruments  normally  used  for  laying 
out  joints  are  the  try,  miter,  combination 
square,  the  sliding  T-bevel,  the  marking  or 
mortising  gage,  and  a  scratch  awl,  sharp  pencil, 
or  knife  for  scoring  lines.  For  jutting  the  more 
complex  joints  by  hand,  the  backsaw,  dovetail 
saw,  and  various  chisels  are  essential.  The 
rabbetancf-fillister  plane  (for  rabbet  joints)  and 
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4  SECOND  END 

measure  length  and  scftlgf.  around  the  stock  a  line 
square  to  the  work  eoge  ano  work  face  saw  off  excess 
stock  near  the  une  ano  plane  smooth  to  the  scribed 
line  test  the  second  end  from  both  the  work  face  and 
the  work  eoge 


5  SECOND  EDGE 

FROM  THE  WORK  EDGE  GAUGE  A  LINE  FOR  WJDTH  ON  BOlH 
FACES  PLANE  SMOOTH ,  STRAIGHT,  SQUARE  ANO  TO  THE 

GAUGE  line  test  the  second  eoge  from  the  work  face 


6  SECOND  FACE 

FROM  THE  WORK  FACE  GAUGt  ft  LINt  FOft  THICKNESS  AftQUNO 
THE  STOCK  PLANE  THE  STOCK  TO  THE  GAUGE  LINE  TEST 
THE  SECONO  FACE  AS  TkE  WORK  FACE  IS  TESTED 

44,108 

squaring  to  dimensions. 


the  router  plane  (for  smoothing  the  bottoms  of 
dados  and  gains)  are  also  helpful. 

Simple  joints  like  the  BUTT  (figs,  4- 1 4  and 
4-i5),theLAPjoints(fig,4-l6),andtheMITER 
joints  (fig,  4-I7)  are  used  mostly  in  rough  or 
finish  carpentry,  though  they  may  be  used 
occasionally  in  millwork  and  furniture  making. 
More  complex  joints  like  the  RABBET  joints 
(fig,  4-18),  the  DADO  and  GAIN  joints  (fig, 
4-19),  the  MORTISE-ANlVTENON-  and  SLIP 
TENON  joints  (fig,  4-20),  the  BOX  CORNER 
joint  (fig.  4-21)  and  the  DOVETAIL  joints  (fig, 
4-22)  are  used  mostly  in  making  furniture  or 
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44.108 

Figure  4-  14.-90-degree  plain  butt  joints. 


68.38.1 

Figure  4-15.-End  butt  joint  with  fish  platas. 


cabinets,  and  millwork.  Of  the  EDGE  joints 
shown  in  figure  4-23,  the  DOWEL  and  SPLINE 
are  used  mainly  in  furniture  and  cabinet  work, 
while  the  PLAIN  BUTT  and  the  TONGUE- 
ANEM3ROOVE  are  used  in  practically  all  types 
of  woodworking. 

The  joints  used  in  rough  and  finish  carpentry 
are  for  the  most  part  simply  nailed  toother. 
Nails  in  a  90-degree  plain  butt  joint  may  be 

4-19 


driven  through  the  member  abutted  against  and 
into  the  end  of  the  abutting  member,  or  they 
may  be  TOENAILED  at  an  angle  through  the 
faces  of  the  abutting  member  into  the  face  of 
the  member  abutted  against,  as  shown  in  figure 
4-24.  Studs  and  joists  are  usually  toenailed  to 
sole  plates  and  sills. 

The  more  complex  furniture  and  cabinet- 
making  joints  are  usually  fastened  with  giue, 
with  additional  strength  provided  as  necessary 
by  dowels*  splines,  corrugated  fasteners,  slip 
feathers,  keys,  and  other  types  of  joint-fasteners. 
In  the  dado*  joint,  the  gain  joint,  and 
mortise-and-tenon  joint,  the  box  corner  joint, 
and  the  dovetail  joint,  the  interlocking  character 
of  the  joint  is  an  additional  factor  in  fastening. 

With  the  possible  exception  of  the  dovetail 
joint,  all  the  joints  which  have  been  mentioned 
can  be  cut  either  by  hand  or  by  machine. 
Whatever  the  method  used,  and  whatever  the 
type  of  joint,  always  remember  the  following 
rule:  TO  INSURE  A  TIGHT  JOINT,  ALWAYS 
CUT  ON  THE  WASTE  SIDE  OF  THE  LINE, 
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68.38.3 

Figura  4-17.-Mitor  joints. 


NEVER  ON  THE  LINE  ITSELF.  Preliminary 
grooving  on  the  waste  side  of  the  line  with  a 
knife  or  chisel  will  help  a  backsaw  start 
smoothly. 

Half-Lap  Joints 

For  halRap  joints,  the  members  to  be 
jointed  are  usually  of  the  same  thickness,  as 
shown  in  figure  4-16.  The  method  of  laying  out 
and  cutting  an  end  butt  halMap  (fig.  4-16),  is  to 
measure  off  the  desired  amount  of  lap  from  each 
end  of  each  member  and  square  a  line  all  the 
way  around  at  this  point.  For  a  corner  half  lap 
(fig.  4-16),  measure  off  the  width  of  the  member 
from  the  end  of  each  member  and  square  a  line 
all  the  way  round.  These  lines  are  called 
SHOULDER  lines. 


Next*  select  the  best  surface  for  the  FACE, 
and  set  <;  marking  gage  to  one-half  the  thickness 
and  score  a  line  (called  the  CHEEK  LINE)  on 
the  edges  and  end  of  each  member,  from  the 
shoulder  line  on  one  edge  to  the  shoulder  line  on 
the  other  edge.  BE  SURE  AND  GAGE  THE 
CHEEK  LINE  FROM  THE  FACE  OF  EACH 
MEMBER.  This  insures  that  the  faces  of  each 
member  will  be  flush  after  the  joints  are  cut. 

Next,  make  the  shoulder  cuts  by  cutting 
along  the  waste  side  of  the  shoulder  lines  down 
to  the  waste  side  of  the  cheek  line.  Then  make 
the  cheek  cuts  along  the  waste  side  of  the  cheek 
lines.  When  all  cuts  have  been  made,  the 
members  should  fit  together  with  faces,  ends, 
and  edges  flubh>or  near  enough  to  be  made  flush 
with  the  slight  paring  of  a  wooc1  chisel. 

Other  half  lap  joints  are  laid  out  in  a  similar 
manner.  The  main  difference  is  in  the  method  of 
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Figure  4-18,— Rabbet  joint*. 


103,9 

Figure  4-19,  -Dado  and  gain  joint*. 


cutting,  A  cmss  half  lap  joint  may  best  be  cut  members  which  are  to  be  joined  together,  (See 
with  a  DADO  head  or  wood  chisel  rather  than  a  fig,  4*17,)  The  angle  of  the  miter  cut  isone-half 
hand  saw.  Others  may  easily  be  cut  on  a  of  the  angle  which  will  be  formed  by  the  joined 
bandsaw,  being  certain  to  cut  on  the  waste  side  members.  In  rectangular  mirror  frames, 
of  the  lines,  and  making  ell  lines  from  the  face  windows,  door  casing,  boxes,  and  the  like, 
of  the  material,  adjacent  members  form  a  90°  angle,  and  the 

correcf   angle   for  mitering  is  consequently 
Miter  Joints  one-half  of  90°,  or  45°,  For  members  which  will 

form  an  equal-sided  figure  with  other  than  4 
A  miter  joint  is  made  by  MITERING       sides  (such  as  an  octagon  or  a  pentagon),  the 
(cutting  at  an  angle)  the  ends  or  edges  of  the      correct  mitering  angle  can  be  found  by  dividing 
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Figure  4*20,— Mortiso-and'tenon  and  tHp-tenon  joints. 
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Figure  4*21*— Sox  corner  joint. 


the  number  of  sides  the  figure  will  have  into  1 80 
and  subtracting  the  result  from  90,  For  an 
octagon  (8-sided  figure),  the  mitcring  angle  is  90 
1 80 

minus  —g—,  or  67,5°.  For  a  pentagon  (5-sided 
figure),  the  angle  is  90  minus       or  54c, 


through  single 

DOVETAIL 


BLIND  SINGLE 
DOVETAIL  THROUGH  HALFH.AP 

SINGLE  DOVETAIL 
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Figure  4-22* —Dovetail  joints. 
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TONGUE  AND  GROOVE  SPLINE 


68.37 


Figure  4-23.- Edge  joints. 


\ 
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Figure  4-24,— Toenailing, 


Members  can  be  end-mitered  to  45°  in  :he 
wooden  miter  box  and  to  any  angle  in  the  steel 
miter  box  by  setting  the  saw  to  the  desired  angle 
or  on  the  circular  saw  by  setting  the  meter  gage 
to  the  desired  angle.  Members  can  be 
edge-mitered  to  any  angle  on  the  circular  saw  by 
tilting  the  saw  to  the  required  angle. 

Sawed  edges  are  sometimes  unsuitable  for 
gluing;  however*  if  the  joint  is  to  be  glued*  the 
edges  may  be  mitered  on  a  jointer  as  illustrated 
in  figure  4-25, 

Since  aJ  utting  surfaces  of  end-mitered 
members  do  not  hold  well  when  they  are  merely 
glued,  they  should  be  reinforced.  One  type  of 
reinforcement  is  the  CORRUGATED  FAS- 
TENER, This  is  a  corrugated  strip  of  metal 
with  one  edge  sharpened  for  driving  into  the 
joint.  The  fastener  is  placed  at  a  right  angle  to 
the  line  between  the  members,  half  on  one 
member  and  half  on  the  other,  and  driven  down 
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Figure  4-25.— Beveling  on  a  jointer  for  a  mitered  edge 
joint. 


flush  with  the  member.  The  corrugated  fastener 
mars  the  appearance  of  the  surface  into  which  it 
is  driven*  and  therefore,  it  is  used  only  on  the 
backs  of  picture  frames  and  the  like. 

A  more  satisfactory  type  of  fastener  for  a 
joint  between  end-mitered  members  is  the  SLIP 
FEATHER.  This  is  a  thin  piece  of  wood  or 
veneer  which  is  glued  into  a  kerf  cut  in  the 
thickest  dimension  of  the  joint.  First,  saw  abouf 
halfway  through  the  woud  from  the  outer  to  the 
inner  corner,  then  apply  glue  to  both  sides  of 
the  slip  feather,  pushing  the  slip  feather  into  the 
kerf.  Clamp  it  tight  and  allow  the  glue  to  dry. 
After  it  has  dried,  remove  the  clamp  and  chisel 
off  the  protruding  portion  of  the  slip  feath;  r 

A  joint  between  edge*mitered  members  rna> 
also  be  reinforced  with  a  SPLINE.  This  is  a  chin 
piece  of  wood  which  extends  across  the  join; 
into  grooves  cut  in  the  abutting  surfaces.  A 
spline  for  a  plain  miter  joint  is  shown  in  figure 
4-17.  The  groove  for  a  spline  can  either  be  cut 
by  hand  or  by  a  circular  saw. 

Grooved  Joints 

A  GROOVE  is  a  three-sided  recess  running 
with  the  grain,  and  a  recess  running  across  the 


grain  is  called  a  DADO.  A  groove  or  dado  which 
does  not  extend  all  the  way  across  the  wood  is 
called  a  STOPPED  groove  or  a  STOPPED  dado. 
A  stopped  dado  is  a*so  known  as  a  GAIN.  (See 
fig.  4-19  )  A  two-sided  recess  running  along  an 
edge  is  called  a  RABBET.  (See  fig.  4-18.)  Dados, 
gains,  and  rabbets  are  Pot,  strictly  speaking, 
grooves,  but  joints  which  include  them  are 
generally  called  GROOVED  joints. 

A  groove  or  dado  can  be  cut  on  the  circular 
saw  as  follows;  lay  out  the  groove  or  dado  on 
the  end  wood  (for  a  groove)  or  edge  wood  (for  a 
dado)  which  will  first  come  in  contact  with  the 
saw.  Set  the  saw  to  the  desired  depth  of  the 
groove  above  the  table,  and  set  the  fence  at  a 
distance  from  the  saw  which  will  cause  the  first 
cut  to  run  on  the  waste  side  of  the  line  that 
indicates  the  ieft  side  of  the  groove.  Start  the 
saw  and  bring  the  wood  into  light  contact  with 
it;  then  stop  the  saw  and  examine  the  layout  to 
insure  that  the  cut  will  be  on  the  v/aste  side  of 
the  line.  Readjust  the  fence,  if  necessary.  When 
the  rosition  of  the  fence  is  right,  make  the  cut. 
Then  reverse  the  wo.^d  and  proceed  to  set  and 
test  as  before  for  the  cut  on  the  opposite  side  of 
the  groove.  Then  make  as  many  recuts  as 
necessary  to  remove  the  waste  stock  between 
the  side  kerfs. 

The  procedure  for  grooving  or  dadoing  with 
the  dado  head  is  about  the  same,  except  that  in 
may  cases  the  dado  head  can  be  built  up  to  take 
out  all  the  waste  in  a  single  cut.  The  two  outside 
cutters  alone  will  cut  a  groove  1/4  in.  wide. 
Inside  cutters  vary  in  thickness  from  1/16-  to 
1/4  in. 

A  stopped  groove  ot  stopped  dado  can  be 
cut  on  the  circular  saw*  using  either  a  saw  blade 
or  a  dado  headi  as  follows,  it  the  groove  or  dado 
is  stopped  at  only  one  end,  clamp  a  STOP 
BLOCK  to  the  rear  of  the  table  in  a  position 
that  will  stop  the  wood  from  being  fed  any 
further  when  the  saw  has  reached  the  place 
where  the  groove  or  dado  is  supposed  to  stop.  If 
the  groove  or  dado  is  stopped  at  both  ends, 
clamp  a  STOP  BLOCK  to  the  re?r  of  the  table 
and  a  STARTING  BLOCK  to  the  front.  The 
starting  block  should  be  placed  so  the  saw  will 
contact  the  place  where  the  groove  is  supposed 
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to  start  when  tlie  infeed  end  of  the  piece  is 
against  the  block.  Start  the  cut  by  holding  the 
wood  above  the  saw,  with  the  infeed  end  against 
the  starting  block  and  the  edge  against  the  fence. 
Then  lower  the  wood  gradually  onto  the  saw, 
and  feed  it  through  to  the  stop  block. 

A  rabbet  cm  be  cut  on  the  circular  saw  as 
follows:  the  cut  into  the  face  of  the  wood  is 
called  the  SHOULDER  cut  and  the  cut  into  the 
edge  or  end,  the  CHEEK  cut  To  make  the 
shoulder  cut  (which  should  be  made  first)*  set 
the  saw  to  extend  above  the  table  a  distance 
equal  to  the  desired  depth  of  the  shoulder,  and 
set  the  fence  a  distance  away  from  the  saw  equal 
to  the  desired  depth  of  the  cheek.  Be  sure  to 
measure  this  distance  from  a  saw  tooth  SET  TO 
THE  LEFT  or  AWAY  FROM  the  npping  fence. 
If  you  measure  it  from  a  tooth  set  to  the  right  or 
toward  the  fence,  the  cheek  will  be  too  deep  b> 
an  amount  equal  to  the  width  of  the  saw  kerL 

By  using  the  dado  head,  you  can  cut  most 
ordinary  rabbets  in  a  single  cut  First,  build  up  a 
dado  head  equal  in  thickness  to  the  desired 
width  of  the  cheek  Next,  set  the  head  to 
protrude  above  the  table  a  distance  equal  to  the 
desired  depth  of  the  shoulder.  Gamp  a  Hn. 
board  to  the  fence  to  serve  as  a  guide  for  the 
piece*  ai  4  set  the  fence  so  the  edge  of  the  board 
barely  contacts  the  right  side  of  the  dado  head. 
Set  the  piece  against  the  miter  gage  (set  at  90°h 
hold  the  edge  or  end  to  be  rabbeted  against  the 
1-in.  board,  and  mjke  the  cut. 

On  some  jointers,  a  RABBUT1NG  ledge 
attached  to  the  outer  edge  oi  the  infeed  table  can 
be  depressed  for  rabbeting  as  in  figure  4-26.  The 
ledge  is  located  on  outer  end  of  the 
cutterhead.  To  rabbet  on  a  jointer  of  this  type, 
you  depress  the  infeed  table  and  the  rabbeting 
ledge  the  depth  of  the  rabbet  below  the  outfeed 
table,  and  set  the  fence  the  width  of  the  rabbet 
away  from  the  outer  end  of  the  cutterhead. 
When  the  piece  is  fed  /irough.  the  unrabbeted 
part  leeds  onto  the  rabbeting  ledge  The 
rabbeted  portion  feeds  onto  thcowtleeJ  table, 

Various  combinations  ot  the  grooved  joints 
arc  used  in  woodworking  The  TONGUE:  AMD 
GROOVF  joint     j  ^►mbm^non  of  fhe  groin e 
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Figure  4-26.— Rabbeting  on  a  jointer  with  a  rabbeting 
ledge. 

and  the  rabbet,  with  the  tongued  member 
rabbeted  on  both  faces.  In  some  types  of 
paneling,  the  tongue  is  made  by  rabbeting  only 
one  face,  A  tongue  of  this  kind  is  called  a 
BAREFACED  tongue,  A  joint  often  used  in 
making  boxes,  drawers,  cabinets,  and  the  like  is 
the  DADO  AND  RABBfiT  fomt  shown  in  figure 
4-2"?  A^  >ou  can  mx\  one  of  the  members  i* 
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Figure  4  27  -Dado  and  rabbet  jotnr 
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Figure  4-28. -Stub,  haunched,  and  table-haunched 
mortite-and-tenon  joints. 

rabbeted  on  one  face  to  form  a  barefaced 
tongue. 

Mo  rtise-and- Tenon  Joints 

The  MORTISE-AND-TENON  joint  is  most 
frequently  used  in  furniture  and  cabinet  work. 
In  the  BLIND  mortise-and* tenon  joint,  the 
tenon  does  not  penetrate  all  the  way  through 
the  mortised  member.  (See  fig,  4-20.) 

A  joint  in  which  the  tenon  does  penetrate  all 
the  way  through  is  a  THROUGH  mortise- 
and'tenon  joint.  Besides  the  ordinary  STUB 
joint  (view  A,  figure  4-28),  there  are 
HAUNCHED  joints  (view  B,  of  figure  4-28)  and 
TABLE-HAUNCHED  joints  (view  C,  of  figure 
4-28).  Haunctung  and  table-haunching  increase 
the  strength  and  rigidity  of  the  joint, 
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Figure  4-29.-Layottt  of  stub  mort ise-end -ten on  joint. 
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Figure  4*30.-Meking  tenon  shoulder  cut  on  e  circular 
taw, 


The  layout  procedure  for  an  ordinary  stub 
mortise-dnd-tenon  joint  is  shown  in  figure  4-29. 
The  shoulder  and  cheek  cuts  of  the  tenon  are 
shown  in  figures  4-30  and  4-31.  To  maintain  the 
stock  upright  while  making  the  cheek  cub,  use  a 
PUSH  BOARD  similar  to  the  one  shown  in 
figure  4*31.  Tenons  can  *lso  be  tut  with  a  dado 
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Figure  4-31. -Making  tenon  cheek  cut  on  e  circilfer 
ww  using  a  push  board. 
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head  by  the  same  method  previously  described 
for  cutting  end  half  lap  joints. 

Mortises  are  cut  mechanically  on  a 
HOLLOW-CHISLL  MORTISING  MACHINE  like 
the  one  shown  in  figure  4-32.  The  cutting 
mechanism  on  this  machine  consists  of  a  boring 
bit  encased  in  a  square,  hollow,  steel  chisel  As 
the  mechanism  is  pressed  into  the  wood,  the  bit 
takes  out  most  of  the  wjste  while  the  chisel 
pares  the  sides  of  the  mortise  square.  Chisels 
come  in  various  sizes,  with  corresponding  sizes 
of  bits  to  match.  If  a  mortising  machine  is  not 
available,  the  same  results  can  be  attained  by 
using  a  simple  drill  press  to  take  out  most  of  the 
waste,  and  a  hand  chisel  for  paring  the  sides 
square. 

In  some  mortise-und-tenbn  joints,  such  as 
those  between  rajls  jnd  leg*  in  tables  the  t-^non 
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Figure  4-32. -Hollow-chisel  mortiting  machine. 
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member  is  much  thinner  than  the  mortise 
member.  Sometimes  a  member  of  this  kind  is 
too  thin  to  shape  in  the  customary  manner,  with 
shoulder  cuts  on  both  faces.  When  this  is  the 
case,  a  BAREFACED  mortise-and-tenon  joint 
may  be  used.  In  a  barefaced  joint,  the  tenon 
member  is  shoulder  cut  on  one  side  only.  The 
cheek  on  the  opposite  side  is  simply  a 
continuation  of  the  face  of  the  member. 

Mortise-and-tenon  joints  are  fastened  with 
glue  and  with  additional  fasteners  as  required 


Dovetail  Joint* 


The  DOVETAIL  joint  (see  fig.  4-22)  is  the 
strongest  of  all  the  woodworking  joints.  It  is 
used  principally  for  joining  the  sides  and  ends  of 
drawers  in  fine  grades  of  furniture  and  cabinets. 
In  the  SEABEE  units,  you  will  seldom  use 
dovetail  joints  since  they  are  laborious  and 
time-consuming. 

A  THROUGH  dovetail  joint  is  a  joint  in 
which  the  pins  pass  all  the  way  through  the  tail 
member.  Where  the  pins  pass  only  part  way 
through,  the  member  js  known  as  a  BLIND 
dovetail  joint. 

The  simplest  of  the  dovetail  joints  is  the 
DOVETAIL  HALF  LAP  joint  shown  in  figure 
4-33.  Figure  4-34  shows  how  this  type  joint  is 
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Figure  4 -33. -Dovetail  haH  lap  Joint. 
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Figure  4-34.-Uying  off  10°  angle  for  dovetail  joint. 


laid  out,  and  figure  4-35  shows  the  completed 
joint 

A  MULTIPLE  dovetail  joint  is  shown  in 
figure  4-36,  while  figure  4-37  indicates  how  the 
waste  is  chiseled  from  the  multiple  joint- 
Box  Corner  Joints 

With  the  exception  of  the  obvious  difference 
in  the  layout,  the  BOX  CORNER  JOINT  (fig. 


103.17 

Figure  4- 3 5, -Ma king  a  dovetail  half-lap  joint. 

1354 
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Figure  4-3 6. -Laying  out  a  pin  member  for  a  through* 
multiple-dovetail  joint. 
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Figure  4-37. -Chiseling  out  waste  in  a  through-multiple* 
dovetail  Joint. 


4-21)  is  made  in  a  similar  manner  as  the 
through-multiple-dovetail  joint. 


iJCoping  Joints 


Inside  corner  joints  between  molding  trim 
members  are  usually  made  by  butting  the  end  of 
one  member  against  the  face  of  the  other.  Figure 
4-38  shows  the  method  of  shaping  the  end  of 
the  abutting  member  to  fit  the  face  of  the  other 
member.  First,  saw  off  the  end  of  the  abutting 
member  square,  as  you  would  for  an  ordinary 
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Figure  4-38,-Sirnple  molding  and  trim  $h*P*s» 


butt  joint  between  ordinary  flat-faced  members. 
Then,  miter  the  end  to  45°  as  shown  in  the  first 
and  second  views  of  figure  4-38,  Set  the  coping 
saw  at  the  top  of  the  line  of  the  miter  cut,  hold 
the  saw  at  90°  to  the  lengthwise  axis  of  the 
piece,  and  saw  off  the  segment  shown  in  the 
third  view,  following  closely  the  face  line  left  by 
the  45°  miter  cut.  The  end  of  the  abutting 
member  will  then  match  the  face  of  the  other 
member  as  shown  in  the  third  view,  A  joint 
made  in  this  manner  is  called  a  COPING  JOINT, 


CONTOUR  CUTTING 

The  term  CONTOUR  CUTTING  refers  to 
the  cutting  of  ornamental  face  curves  on  wood 
stock  which  is  used  for  molding  and  other  trim. 
Some  moldings  and  trims  are  procured  in 
preformed  shapes;  however,  most  contour 
cutting  is  done  on  a  shaper  equipped  with  a 
cutter  or  blades,  or  with  a  combination  of 
cutters  and/or  blades,  arranged  to  produce  the 
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Figure  4-19.-  Making  a  c drtg  joint. 
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desired  contour.  Figure  4*39  shows  the  simplest 
and  most  common  moldings  and  trims  used  in 
woodworking. 


MILLWORK 

As  a  genera]  term,  MILLWORK  usually 
embraces  most  wood  products  and  components 
which  require  manufacturing.  It  not  only 
includes  the  interior  trim  and  doors,  but  also 
kitchen  cabinets,  and  similar  units;  Most  of  these 


units  are  produced  in  a  millwork  manufacturing 
plant  and  are  ready  to  install.  They  usually 
require  only  fastening  to  the  wali  or  floor. 
Figures  4-40  and  4*41  show  typical  types  of 
millwork.  If  the  need  arises  for  you  to  install 
this  type  of  unit,  you  should  refer  to  the 
manufacturers  instructions. 

The  construction  details  for  various  kinds  of 
furniture  and  cabinets  are  similar.  Dressers,  chest 
of  drawers,  kneehok  %  and  built-in-cabinets 
all  have  drawers  for  *  *ge  purposes  and  are 
constructed  in  a  similar  way. 

A  number  of  pieces  of  stock  glued  edge  to 
edge  should  provide  sufficient  width  for  the 
CABINET  SIDE.  The  sides  usually  range  in 
width  from  16  to  20  in.  and  finished  3/4  in. 
thick.  Some  constructions  require  the  use  of  a 
square  post  in  each  corner  of  the  case.  If  the 
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Figure  440.-Typical  kitchen  cabinet  dtmenttoni. 
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B 


Fiffure  4-41,-Typical  kitchen  cabinet*:  A,  Wall,  B,  Base. 


1 33428 


square  posts  are  used, 
connected  with  the  rails. 


they    are  usually 


Division  roils  and  bearing  rails  are  used  to 
make  up  the  DRAWER  DIVISION  FRAMES, 
These  frames  are  usually  made  of  stock  3/4  in, 
thick  and  2  in-  wide  and  fastened  together  at  the 
comers  with  blind  mortise  and  tenon  joints.  The 
frames  are  glued  and  checked  to  insure  they  art 
square  and  the  same  size.  Usually  a  gain  is  cut  on 
the  front  edge  of  the  frames,  as  shown  in  figure 
4-42  and  fitted  and  glued  into  the  dadoes  on  the 
inside  fa^es  of  the  sides.  The  frames  should  be 


made  1/4  in,  narrower  than  the  sides  when 
1/4-in.  plywood  is  used.  This  measurement  will 
allow  the  plywood  back  to  be  glued  and 
fastened  into  place.  To  keep  dust  and  insects  out 
of  the  case,  a  plywood  panel  can  be  install  n 
the  lower  frame. 

The  DRAWERS  should  have  special 
attention  so  they  will  fit  accurately.  Drawers 
have  been  known  to  expand  or  shrink  in  the 
front,  sides,  and  back,  therefore,  some  allowance 
must  be  made  accordingly.  It  will  be  helpful  to 
you  if  you  would  remember  WOOD  SHRINKS 
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Figure  4-42  -Cabinet  details- 


OR  EXPANDS  MOSTLY  ACROSS  THE  GRAIN 
AND  VERY  LITTLE  LENGTHWISE  OR  WITH 
THE  GRAIN,  The  height  of  the  drawer  opening 
should  be  I/8  to  3/I6  in.  wider  than  the  drawer 
sides  and  back.  The  edgfcs  and  ends  should  be 
slightly  beveled  toward  the  back  face  and  the 
drawer  front  fitted  to  the  opening,  (The  lip  type 
drawer  may  be  fitted  more  loosely  because  the 


lip  extension  will  cover  the  opening  at  the  ends 
and  top,) 

There  arc  several  types  of  joints  that  can  be 
used  to  join  the  drawer  sides  to  the  front  and 
they  are.  plain  rabbet  joint,  half  blind  dovetail, 
and  the  dado  tongue  and  rabbet. 

The  bottom  of  the  drawer  is  usually  grooved 
into  all  four  sides  of  the  drawer  and  a  plain 
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grooved  or  dovetail  center  guide  fastened  to  the 
bottom.  After  the  drawer  has  been  fitted  into 
place  atid  the  front  lined  up  with  the  front  face 
of  the  case,  the  center  guide  is  fastened 
permanently  to  the  drawer  rails,  with  screws. 
You  may  find  it  to  be  more  convenient  if  you 
leave  the  back  off  the  ease  until  the  drawer 
guides  have  been  fastened  to  the  drawer  rails. 

To  minimize  expansion  and  shrinkage  of  the 
wood,  a  sealer  coat  of  finish  should  be  applied, 
to  the  inside  and  outside  surfaces  of  the  case  and 
its  drawers. 


one-third  provides  the  necessary  anchorage  of 
the  piece  being  fastened.  Nails  should  be  driven 
at  an  angle  slightly  toward  each  other  and 
should  be  carefully  placed  to  provide  the 
greatest  holding  power.  Nails  driven  with  the 
grain  do  not  hold  as  well  as  nails  driven  across 
the  grain.  A  few  nails  of  proper  type  and  size, 
properly  placed  and  properly  driven,  will  hold 
better  than  a  great  many  drive,  close  together. 
Nails  can  generally  be  considered  the  cheapest 
and  easiest  fasteners  to  be  applied.  In  terms  of 
holding  power  alone,  nails  provide  the  least, 
screw  of  comparable  size  provide  more,  and 
bolts  provide  the  greatest  amount. 


METHODS  OF  FASTENING 


The  following  sections  will  discuss  the 
various  devices  used  for  fastening  wood  during 
construction. 

The  fastening  devices  most  commonly  used 
are  usually  made  of  metal;  and  they  are 
classified  accordingly  such  as:  nails,  screws, 
bolts,  driftpins,  corrugated  fasteners,  and  timber 
connectors.  Each  type  mentioned  above  will  be 
explained  in  the  following  sections  except 
timber  connectors.  Timber  connectors  will  be 
discussed  in  a  later  chapter. 


NAILS 

The  standard  nail  used  by  the  Builder  is  the 
wire  nail,  so  called  because  it  *s  made  from  steel 
wire.  There  are  many  types  of  nails,  all  of  which 
are  classified  according  to  use  and  form.  The 
wire  nail  is  round -shafted,  straight,  pointed,  and 
may  vary  in  size,  weight,  size  and  shape  of  head, 
type  of  point,  and  finish.  Ail  norma] 
requirements  of  construction  and  framing  are 
filled  by  one  of  the  nail  types  below.  There  are  a 
few  generalities  to  be  followed  in  the  use  of 
nails  in  building.  A  nail,  whatever  the  type, 
should  be  at  least  three  times  as  long  as  the 
thickness  of  wood  it  is  intended  to  hold. 
Two-thirds  of  the  length  of  the  nail  is  driven 
into  the  second  pie^e  for  proptr  anchorage  while 


COMMON  WIRE  NAILS  and  box  nails  are 
the  same  except  that  the  wire  sizes  are  one  or 
two  numbers  smaller  for  a  given  length  of  the 
box  nail  than  they  are  for  the  common  nail.  Hie 
common  wire  nail  (A,  fig.  4-43)  is  used  for 
housing-construction  framing.  The  common  wire 
nail  and  the  box  nail  are  generally  used  for 
structural  construction. 

The  FINISHING  NAJLtB,  fig.  4-43)  js  made 
from  finer  wire  and  has  a  smaller  head  than  the 
common  naih  It  may  be  set  below  the  surface  of 
the  wood  into  which  it  is  driven  and  will  leave 
only  a  small  hole  easily  puttied  up.  It  is 
generally  used  for  interior  or  exterior  finishing 
work  and  is  used  for  finished  carpentry  and 
cabinetmaking* 

The  DUPLEX  NAIL  (C,  fig.  443)  is  made 
with  what  may  appear  to  be  two  heads.  The 
lower  head,  or  shoulder,  is  provided  so  that  the 
nail  may  be  driven  securely  home  to  give 
maximum  holding  power  while  the  upper  head 
projects  above  the  surface  of  the  wood  to  make 
its  withdrawal  simple.  The  reason  for  this  design 
is  that  the  duplex  nail  is  not  meant  to  be 
permanent.  It  is  used  in  the  construction  of 
temporary  structures  such  as  scaffolding  and 
staging  and  is  classified  for  temporary 
construction. 


ROOFING  NAILS  (D,  fig.  4-43)  are  round- 
shafted*  diamond-pointed,  galvanized  nails  of 
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Figure  4-4 3. -Type!  of  nails  and  tiati  sfzet. 
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relatively  short  length  and  comparatively  large 
heads.  They  are  designed  for  fastening  flexible 
roofing  materials  and  for  resisting  continuous,, 
exposure  to  weather.  Several  general  rules  apply 
to  the  use  of  roofing  nails,  especially  their  use 
with  asphalt  shingles.  If  shingles  or  roll  roofing  is 
being  applied  over  old  roofing,  the  roofing  nails 
selected  must  be  of  sufficient  length  to  go 
through  the  old  material  and  secure  the  new* 
Asphalt  roofing  material  is  fastened  with 
corrosion  resistant  nails,  never  with  plain  nails. 
Nailing  is  begun  in  the  center  of  the  shingle, 
just  above  the  cutouts  or  slots,  to  avoid 
buckling* 

Nail  sazes  are  designated  by  die  use  of  the 
term  penny.  This  term  designates  the  length  of 
the  nail  (1  penny*  2  penny,  etc*),  which  is  the 
same  for  all  types*  The  approximate  number  of 
nails  per  pound,  vanes  a^ording  to  the  type  and 


size.  The  wire  gage  number  varies  according  to 
type.  Figure  4-43  provides  the  information 
implicit  in  the  term  penny  for  each  of  the  type 
of  nails  referenced  to  in  this  section.  The  d 
adjacent  to  the  numbers  in  the  Size  column  is 
the  accepted  abbreviation  of  the  word  penny  as 
used  in  nail  sizing  and  should  be  read  2  penny,  3 
penny,  etc.  Table  4-3  gives  the  general  size  and 
type  of  nail  preferable  for  specific  applications, 


SCREWS 


The  use  of  screws,  rather  than  nails,  as 
fasteners  may  be  dictated  by  a  number  of 
factors.  These  may  include  the  type  of  material 
to  be  fastened^  the  requirement  for  greater 
holding  power  than  could  be  obtained  by  the 
use  of  nails,  the  finished  appearance  desired,  and 
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the  fact  that  the  number  of  fasteners  that  can  be 
used  is  limited.  The  use  of  screws,  rather  than 
nails,  is  more  expensive  in  terms  of  time  and 
money  but  is  often  necessary  to  meet 
requirements  for  superior  results.  The  main 
advantages  of  screws  are— they  provide  more 
holding  power;  can  be  easily  tightened  to  draw 
the  items  being  fastened  securely  together;  are 
neater  in  appearance  if  properly  driven;  and  may 
be  withdrawn  without  damaging  the  material. 
The  common  wood  screw  is  "usually  made  of 
unhardened  steel,  stainless  steel,  aluminum,  or 
brass.  The  steel  may  be  bright  finished  or  blued, 
or  zinc,  cadmium,  or  chrome  plated*  Wood 
screws  are  threaded  from  a  gimlet  point  for 
approximately  2/3  of  the  length  of  the  screw 
and  are  provided  with  a  slotted  head  designed  to 
be  driven  by  an  inserted  driver. 

WOOD  screws  as  shown  in  figure  4-44  are 
designated  according  to  head  style.  The  most 
common  types  are,  flathead,  ovalhead,  and 
roundhead,  both  in  slotted  and  phillips  heads. 
To  prepare  wood  for  receiving  the  screws,  bore  a 
pilot  hole  the  diameter  of  the  screw  to  be  used 
in  the  piece  of  wood  that  is  to  be  fastened  (fig. 
4-45).  Then  bore  a  smaller,  starter  hole  in  the 
piece  of  wood  that  is  to  act  as  anchor  or  hold 


head  head 

metal  screws 
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Figure  444. -Type*  of  tctam. 
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Figure  445,-Sinking  screw  ProPerly* 


the  threads  of  the  screw.  The  starter  hole  is 
drilled  with  a  diameter  less  than  that  of  the 
screw  threads, and  to  a  depth  1/2  or  2/3  the 
length  of  the  threads  to  be  anchored*  The 
purpose  of  this  careful  preparation  is  to  assure 
accuracy  in  the  placement  of  the  screws,  to 
reduce  the  possibility  of  splitting  the  wood,  and 
to  reduce  the  time  and  effojt  required  to  drive 
the  screw.  Properly  set  slotted  and  phillips 
flatLv-ad  and  ovalhead  screws  are  countersunk 
sufficiently  to  permit  a  covering  material  to  be 
used  to  cover  the  head.  Slotted  roundhead  and 
phillips  roundhead  screws  are  not  countersunk, 
but  are  driven  so  that  the  head  is  firmly  flush 
with  the  surface  of  the  wood*  The  slot  of  the 
roundhead  screw  is  left  parallel  with  the  grain  of 
the  wood* 

The  proper  name  for  LAG  screws  (fig.  444) 
is  lag  bolt,  wood  screw  type*  These  screws  are 
often  required  in  construction  building*  They* 
are  longer  and  much  heavier  than  the  common 
wood  screw  and  have  coarser  threads  which 
extend  from  a  cone  or  gimlet  point  slightly  more 
than  half  the  length  of  the  screw*  Squarehead 
and  hexagonhead  lag  screws  are  always 
externally  driven,  usually  by  means  of  a  wrench* 
They  are  used  when  ordinary  wood  screws 
would  be  too  short  or  too  light  and  spikes  would 
not  be  strong  enough.  For  sizes  of  lag  screws,  see 
table  4*4*  Combined  with  expansion  anchors, 
they  are  used  to  frame  timbers  to  existing 
masonry. 

Expansion  shields,  or  expansion  anchors  as 
they  are  sometimes  called,  are  used  for  inserting 
a  predrilied  hole,  usually  in  masonry,  to  provide 
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Table  4-4.-Lag  Screvw 


LENGTHS  (INCHES) 


DIAMETERS  (INCHES) 


'A 


3/s  >   Vie  > 


5/a  ,  *L 


Ys,  1 


1  

I  %  

2,  2  V2  ,  3,  3  "/a  ,  etc. .  7  Y2  ,  8  to  10 

II  to  12  

13  to  16  
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a  gripping  base  or  anchor  for  a  screw,  bolt,  or 
nail  intended  to  fasten  an  item  to  the  surface  "Ji 
which  the  hole  was  bored.  The  shield  may  be 
obtained  separately  or  may  include  the  screw, 
bolt,  or  nail.  After  the  expansion  shield  is 
inserted  in  the  predriUed  hole,  the  fastener  is 
driven  into  the  hold  in  the  shield,  expanding  the 
shield  and  wedging  it  firmly  against  the  surface 
of  the  hole* 

For  the  assembly  of  metal  parts,  SHEET 
METAL  screws  are  used.  These  sc:  vs  are  made 
regularly  in  steel  and  brass  with  four  types  of 
heads:  flat,  round,  oval,  and  fillister,  as  shown  in 
that  order  in  figure  4-44. 

Wood  screws  come  in  sizes  which  vary  from 
1/4  in.  to  6  inches.  Screws  up  to  I  in.  in  length 
increase  by  eighths,  screws  from  1  to  3  in. 
increase  by  quarters,  and  screws  from  3  to  6  in. 
increase  by  half-inches.  Screws  vary  in  length 
and  size  of  shaft.  Each  length  is  made  in  a 
number  of  shaft  sizes  specified  by  an  arbitrary 
number  that  represents  no  particular 
measurement  but  indicates  relative  differences  in 
the  diameter  of  the  screws.  Proper  nomenclature 
of  a  screw  as  illustrated  in  figure  4-46,  includes 
the  type,  material,  finish,  length,  and  screw  size 
number  which  indicates  the  wire  gage  of  the 
body,  drill  or  bit  size  for  the  body  hole,  and  drill 
or  bit  size  for  the  starter  hole.  Tables  4*5  and 
4-6  provide  size,  length,  gage,  and  applicau*c 
drill  and  auger  bit  sizes  for  strews,  table  4*4 
gives  lengths  and  diameters  of  lag  screws. 
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Figure.4-46.-Typei  of  wood  screws  and  nomenclature. 


BOLTS 

Bolts  are  used  in  construction  when  great 
strength  is  required  or  when  the  work  under 
construction  must  be  frequently  disassembled. 
Their  use  usually  implies  the  use  of  nuts  for 
fastening  and  sometimes  the  use  of  washers  to 
protect  the  surface  of  the  material  they  are  used 
to  fasten.  Bolts  are  selected  for  application  to 
specific  requirements  in  terms  of  length, 
diameter,  threads,  *iyle  of  head,  and  type. 
Proper  selection  of  head  style  and  type  of  bolt 
will  result  in  good  appearance  as  well  as  good 
construction.  The  use  of  washers  between  the 
nut  and  a  wood  surface  or  between  both  the  nut 
and  the  head  *»nd  their  opposing  surfaces  will 
avoid  marring  the  surfaces  and  permit  additional 
torque  in  tightening. 
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Tabli  4-F  —Screw  Sizes  and  Dlmsmtom 


Length  (In.) 

Size  numbers 

0 

I 

2 

3 

4 

5 

1. 

7 

8 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 

22 
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m  /  a 

X 

X 

X 

X 
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I 

X 

X 

X 

X 

X 

X 

X 
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X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

xJ 

X 

X 

X 

X 

X 

X 

X 

X 

X 

x 

X 

'  X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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I  

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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X 

X 
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11/2  
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X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

13/4  ,  

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

2  

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

O   1  t  A 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

2  1/2  

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

2  3/4  ,  _  

X 

X 

X 

X 

x 

X 

X 

X 

X 

X 

X 

X 

3  

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

3  1/2  

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

4  

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

4  1/2  

X 

X 

X 

X 

X 

X 

5  

X 

X 

X 

X 

X 

X 

6  

X 

X 

X 

X 

X 

Threads  per  inch 

32 

28 
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Table  4-6.— Drilt  &r*J  Auger  Bit  Sizes  for  Wood  Scram 
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CARRIAGE  bolts  fall  into  three  categories, 
square  neck  (fig.  4-47)  bolt,  finned  neck  bolt* 
and  ribbed  neck  bolt.  These  bolts  have 
roundheads  that  are  not  designed  to  be  driven. 
They  arc  threaded  only  part  of  the  way  up  the 
shaft,  usually  the  threads  are  two  to  four  times 
the  diameter  of  the  bolt  in  length.  In  each  type 
of  carriage  bolt,  the  upper  part  of  the  shank, 
immediately  below  the  head,  is  designed  to  grip 
the  material  in  which  the  bolt  is  inserted  and 
keep  the  bolt  from  taming  when  a  nut  is 
tightened  down  on  it  or  removed.  The  finned 
type  is  designed  with  two  or  more  fins  extending 
from  the  head  to  the  shank.  The  ribbed  type  is 
designed  with  longitudinal  ribs,  splines,  or 
serrations  on  all  or  part  of  a  shoulder  located 
immediately  beneath  the  head.  Holes  bored  to 
receive  carriage  bolts  art  bored  to  be  a  tight  fit 
for  the  body  of  the  bolt  and  counterbored  to 
permit  the  head  of  the  bolt  to  fit  flush  with,  or 
below    the  surface  oft  the   material  being 
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fastened.  The  bolt  is  then  driven  through  the 
hole  with  a  hammer.  Carriage  bolts  are  diiefl> 
for  wood*to-wood  application  but  ma>  also  be 
used  for  wood-to-metal  applications.  If  used  for 
woodto-metal  application,  the  head  should  be 
fitted  to  the  wood  item.  Metal  surfaces  are 
sometimes  predrilled  and  countersunk  to  permit 
the  use  of  carriage  bolts  metaHo-metal.  Carnage 
bolts  can  be  obtained  from  1/4  in.  to  1  in  in 
diameter,  and  from  3/4in.  to  20 in.  long(taMe 
4-7).  A  common  flat  washer  should  be  used  with 
carriage  bolts  between  the  nut  and  the  wood 
surface. 

MACHINE  bolts  (fig.  4-47)  are  made  with 
cut  National  Fine  or  National  Coarse  threads 
extending  in  length  from  twice  the  diameter  of 
the  bolt  plus  1/4  in.  (for  bolb  less  than  6  in.  in 
length),  to  twice  the  diameter  of  the  bolt  plus 
1/2  in.  (for  bolts  over  6 in.  in  length).  The>  are 
precision  made  and  generally  applied  metal- to- 
metal  where  close  tolerance  is  desirable. 
The  head  may  be  square,  hexagon,  rounded,  or 
flat  countersunk.  The  nut  usually  corresponds  in 
shape  to  the  head  of  the  bolt  with  which  it  js 
used.  Machine  bolts  are  externally  driven  only. 
Selection  of  the  proper  machine  bolt  is  made  on 
the  basis  of  head  style,  length,  diameter,  number 
of  threads  per  inch,  and  coarseness  of  thread. 
The  hole  through  which  the  bolt  is  to  pass  is 
bored  to  the  same  diameter  as  the  bolt.  Machine 
bolts  are  made  in  diameters  from  1/4  in.  to  3  in. 
and  may  be  obtained  in  any  length  desired  (table 
4^8). 

STOVE  bolts  ffig.  4471  arc  less  precisely 
made  than  machoe  bolts.  They  are  made  with 
either  flat  or  round  slotted  heads  and  may  have 
threads  extending  over  the  full  length  of  the 
body,  over  part  of  the  body,  or  over  most  ol  the 
body.  They  arc  generally  used  with  square  nuts 
and  applied  metaHo-metal,  wood-to-wood,  or 
wood-to-metal.  If  flatheaded,  they  arc 
countersunk,  if  roundheaded,  they  are  drawn 
flush  to  the  surface. 

An  EXPANSION  bolt  (fig.  4-47)  is  a  bolt 
used  in  conjunction  with  an  expansion  shield  to 
provide  anchorage  in  substances  .n  which  a 
threaded  fastener  alone  is  useless.  The  shield,  or 
expansion  anchor,  inserted  in  a  predrilled  hole 
expands  when  the  bolt  is  dnven  mto  it  and 
becomes  wedged  firmly  in  the  hole,  providing  a 
secure  base  for  the  grip  of  the  fastener. 
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Tab!*  4-7,-Carrlaga  Bolt* 


LENGTHS  (INCHES) 

DIAMETERS  (INCHES) 

3/l6»  V4. 
5*6>  3/8  ! 

9/l6.  % 

3/4 

X  X  X  X 

1  

X 
X 
X 

1  % 

X 
X 

1  V2,  2,  2V2.  etc.,  9  V2,  10  to  20 

X 

133.346 


Tabla  4-8.~$craw,  Cap  (mschlna  Bolts) 


LENGTHS  (INCHES) 


1,  iv4  

1  72,  2,  2  V2  

3,  3V2.  4,  4  >/2  ,  etc.* 
9  V2 ,  10  to  20 

21  to  25  

26  to  39  


DIAMETERS  (INCHES) 


Vie 


V2j%,5/8 


V2  .  7/8  .  1 


X 
X 

X 
X 


133.346 


DR1FTP1NS  are  long,  heavy,  thrcadiess  bolts 
used  to  hold  heavy  pieces  of  timber  together 
(fig.  4-48).  The  term  "driftpin"  is  almost 
universally  used  in  practice.  However,  for  supply 
purposes  the  correct  designation  is  "driftbolt." 

Driftpins  have  heads  and  they  vary  in 
diameter  from  1/2  to  1  in.  and  in  length  from  18 
to  26  incites. 

To  use  the  driftpin,  a  hole  slightly  smaller 
than  the  diameter  of  the  pin  is  made  in  the 
timber.  The  pin  is  driven  into  the  hole  and  is 


held  in  place  by  the  compression  action  of  the 
wood  fibers. 

The  CORRUGATED  FASTENER  is  one  of 
the  many  means  by  which  joints  and  splices  are 
fastened  in  small  timber  and  boards.  It  is  used 
particularly  in  the  miter  joint.  Corrugated 
fasteners  are  made  of  sheet  metal  of  18  to  22 
gage  with  alternate  ridges  and  grooves,  the  ridges 
vary  from  3/16  to  5/16  in.,  center  to  center. 
One  end  is  cut  square,  the  other  end  is 
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Figure  4-48.-Driftpln»  (drlftboltol. 


sharpened  with  beveled  edges.  There  are  two 
types  of  corrugated  fasteners;  One  with  the 
ridges  running  parallel  (fig.  449);  the  other  with 
ridges  running  at  a  slight  angle  to  one  another 
(fig,  449).  The  latter  type  has  a  tendency  to 
compress  the  materia]  since  the  ridges  and 
grooves  are  closer  at  the  top  than  at  the  bottom. 
These  fasteners  are  made  in  several  different 
lengths  and  widths.  The  width  varies  from  5/8  to 
l  i/8  in.,  while  the  length  varies  from  l/4  to  3/4 
inch.  The  fasteners  also  are  made  with  different 
numbers  of  ridgesj  ranging  from  three  to  six 
ridges  per  fastener  Corrugated  fasteners  are  used 
in  a  number  of  ways*  to  fasten  parallel  boards 
together,  as  in  fastening  tabletops;  to  make  any 
type  of  joint;  and  as  a  substitute  for  nails  where 
nails  may  split  the  timber^The  fasteners  have  a 
greater  holding  power  than  nails  in  small  timber. 
The  proper  method  of  using  the  fasteners  is  also 
shown  in  figure  4*49. 

CLUE 

One  of  the  oldest  materials  used  for 
fastening  is  glue.  In  museums  you  will  find 
furniture  which  was  assembled  with  glue 
hundreds  of  years  ago.  It  is  still  in  good 
condition.  Good  glue  applied  properly  will  form 
a  joint  which  is  stronger  thai>  the  wood  itself. 

There  are  several  classes  of  glue.  Probably 
the  best  one  for  joint  work  and  furniture 
construction  is  ANIMAL  glue,  tt  ma>  be 
obtained  commercially  in  a  variety  of 
forms -liquid,  ground,  chipped,  flaked, 
powdered*  or  formed  into  sticks.  The  best  grades 
of  animal  glue  are  made  from  hides.  Some  of  the 
best  bone  glues,  however,  may  give  as  good 
results  as  the  low  grades  of  hide  glue 
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Figure  4-49 .-Corrugated  fomnori  and  their  uiev 


FISH  glue  is  a  good  all-around  wood  shop 
glue,  but  it  is  not  as  strong  as  animal  glue  It  is 
usually  made  in  liquid  form,  and  it  has  a 
disagreeable  odor. 

VEGETABLE  giue  is  manufactured  by  a 
secret  process  for  use  in  some  veneering  work.  It 
is  NOT  a  satisfactory  glue  for  wood  joints. 

CASEIN  glue  is  made  from  milk  in 
powdered  form.  The  best  grades  of  casein  glue* 
are  watepre^fant  and  are,  therefore,  excellent 
for  formrg  waterproof  joints.  Casein  glue, 
however,  doesn't  adhere  well  to  oak.  To  join  oak 
surfaces  with  it,  coat  the  wood  with  a 
tO-pacent  solution  of  ^au^tic  soda  and  allow  it 
to  dry.  Then  apply  the  casein  glue  to  form  a 
strong  joint, 

BLOOD  ALBUMIN  gl'Je  is  also  practically 
waterproof,  but  to  use  it*  you  need  very 
expensive  equipment.  It  is,  therefore,  not  often 
used. 
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PLASTIC  RESIN  giue  may  be  procured  in 
eithei  liquid  or  powder  form.  It  is  durable  and 
water  resistant,  but  like  casein  glue,  it  doesn't 
adhere  too  well  to  oak.  Plastic  resin  glue  is  used 
in  the  manufacture  of  balsa  wood  and  plywood 
life  floats* 

Each  type  of  glue  must  be  prepared  and  used 
in  a  special  manner  if  you  are  to  get  the 
strongest  possible  joint.  Instructions  are  always 
found  on  the  label  of  the  container.  Study  these 
carefully  before  you  attempt  to  use  the  giue. 
There  are  also  certain  general  principles  which 
you  should  follow  when  you  apply  any  giue. 

A  lot  depends  on  the  wood  itself.  Dry  wood 
makes  stronger  joints  than  wood  which  is  not 
well  seasoned.  This  is  easy  to  understand  if 
yorll  remember  that  water  in  the  wood  will 
decease  the  amount  of  glue  which  can  be 
absorbed. 


WOODWORKING  SAFETY 

Practically  everything  used  in  woodworking 
is  dangerous,  particularly  the  power  wood- 
working equipment.  Yet  the  human  factor 
remains  by  far  the  largest  cause  of  woodworking 
accidents.  Those  which  are  caused  by  inherent 


defects  in  equipment  cause  only  a  small 
percentage  of  total  accidents.  Statistics  show 
that  the  average  military  woodworking  casualty 
is  not  the  beginner  at  the  trade,  but  a  person 
with  considerable  experience.  A  new  crew- 
member  who  hears  the  high~pitched  screams 
of  a  circular  saw  for  the  first  time  is  likely  to  be 
acutely  conscious  of  the  fact  that  the  machine  is 
dangerous,  but  experienced  crewmemlers  often 
take  dangerous  equipment  too  much  for 
granted, 

The  vast  majority  of  woodworking  accidents 
can  be  prevented  by  the  observance  of 
well-established  safety  rules*  Some  of  these  are 
rules  of  general  application,  others  apply  to 
specific  tools  and  equipment  fo  be  effective, 
these  rules  must  be  KNOWN,  and  OBSERVED. 
You  should  insure  that  general  safety  rules  are 
posted  on  bulletin  boards  and  in  other  areatf 
where  everyone  will  see  them.  Rules  applying  to 
specific  tools  and  equipment  should  be  posted 
somewhere  near  the  equipment  cr  published  in 
pamphlets  and  manuals  which  dh  >uld  be 
available  to  the  operator  pf  the  equipment.  DO 
NOT  OPERATE  A  PIECE  OF  DANGEROUS 
EQUIPMENT  UNTIL  YOU  KNOW  THE 
SAFETY  RULES  WHICH  APPLY  TO  IT.  Once 
you  know  them.  OBSERVE  THEM. 
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FIBER  LINE,  WIRE  RORL  AND  SCAFFOLDING 


Information  is  presented  in  this  chapter  on 
how  to  use  fiber  line,  wire  rope,  and  timber  in 
rigging  and  erecting  hoisting  devices,  such  as 
shear  legs,  tripods,  blocks  and  tackles,  and 
swinguj^  scaffolds.  ^ 

Formulas  are  given  on  how  to  determine  or 
find  the  safe  working  load  (StfL)  of  all  this 
material.  In  addition,  the  correct  use,  care,  and 
breaking  strengths  of  Tiber  line  and  wire  rope  are 
covered.  You  will  also  find  in  this  chapter 
information  on  how  to  erect  scaffolding  and  the 
proper  use  of  ladders. 


FIBER  LINE 

The  vegetable  fibers  commonly  used  in  the 
manufacture  of  fiber  line  include  manila,  sisal, 
and  hemp.  .In  addition  to  vegetable  fibers, 
certain  synthetic  fibers  are  used  also.  These 
include  nylon,  orlon*  and  dacron. 

SOURCES  AND  CHARACTERISTICS 
OF  FIBERS 


is  W 


The  best  of  the  vegetable  tine-making  fibers 
is  MANILA,  which  comes  from  the  banana*like 
abaca  plant,  grown  mainly  in  the  Philtipines. 
Manila  fibers  range  in  length  from  4  to  12  ft.  A 
good  grade  of  manila  is  cream  in  color,  smooth,^"" 
clean,  and  pliable;  poorer  grades  are 
distinguished  by  shades  of  brown.  A  fiber  line 
made  of  good  quality  manila  possesses  the 
following  desirable  qualities:  elasticity,  strength, 
and  resistance  to  wear  and  deterioration.  Manila 
line  is  especially  useful  in  hoisting  operations 
where  a  strong,  dependable  line  is  essential. 


The  next  best  vegetable  line-making  fiber  is 
SlSAL  This  fiber  is  similar  to  manila,  but  lighter 
in  color.  It  is  grown  in  the  East  Indies,  Africa, 
and  Central  America.  Sisal  fibers  are  usually  26 
to  40  in.  long,  but  are  only  about  80  percent  a? 
strong  as  manila  fibers.  Sisal  line  withstands 
exposure  to  seawater  exceptionally  well  It  is 
frequently  used  in  towing,  mooring,  and  other 
such  purposes. 

HEMP  fibers  come  from  the  stalk  of  the 
hemp  plant,  which  is  grown  in  Russia,  Italy, 
South  America,  and  the  United  States.  The  Navy 
uses  hemp  or  °small  stuff"  after  it  has  been 
tarred  or  treated  with  some  other  suitable 
preservative.  This  makes  the  small  stuff  last 
longer  by  providing  protection  against  moisture. 
The  term  "small  stuff,"  is  used  to  denote  small 
cordage,  the  son  which  a  layman  might  call 
string,  yam  or  cord. 

NYLON  is  the  synthetic  fiber  most  widely 
used  by  the  Navy.  It  is  lights  more  flexible,  less 
bulky,  and  easier  to /handle  and  store  than 
manila  line.  It  is  highly  resistant  to  mildew,  rot, 
and  marine  borers.  When  nylon  line  is  wet  or 
frozen,  the  loss  of  strengih  is  relatively  small.  It 
will  hold  a  load  even  though  several  strands  may 
be  frayed.  Ordinarily,  the  line  can  be  made 
reusable  by  cutting  av/ay  the  chafed  section  and 
splicing  the  end. 

FABRICATION  OF  LINE 

The  fabrication  of  line  consists  essentially  of 
three  twisting  operations.  First,  the  FIBERS  are 
twisted  to  the  right  to  form  the  YARNS  Next, 
the  yarns  are  twisted  to  the  left  to  form  the 
STRANDS.  Finally  the  strands  arc  twisted  to 
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the  right  to  form  the  LINE  Figure  5-1  shows 
you  how  the  fibers  are  grouped  to  form  a 
3-strand  line. 

The  operations  just  described  are  standard 
procedure,  and  the  resulting  product  is  known  as 
a  RIGHT-LAID  line.  When  the  process  is 
reversed,  you  have  a  LEFT-LAID  line.  In  either 
instance,  the  principle  of  opposite  twists  must 
always  be  observed.  The  two  main  reasons  for 
the  principle  of  opposite  twists  are  to  keep  the 
line  tight  to  prevent  the  fibers  from  unlaying 
With  a  load  suspended  on  it  and  to  prevent 
mcisture  penetration. 


TYPES  OF  LINE  LAYS 


There  are  three  types  of  fiber  line  lays: 
hawser-laid,  shroud-laid,  and  cable-laid  lines. 
Each  type  is  illustrated  in  figure  5-2. 

HAWSER- LAID  LINE  generally  consists  of 
three  strands  twisted  together,  usually  in  a 
right-hand  direction.  A  SHROUD- LA  ID  line 
ordinarily  is  composed  of  four  strands  twisted 
together  in  a  right-hand  direction  around  a 
center  strand  or  core,  which  usually  is  of  the 
same  material,  but  smaller  in  diameter  than  the 
four  strands*  You  will  find  that  shroud-laid  line 
is  more  pliable  and  stronger  than  hawseHaid 
line,  but  it  has  a  strong  tendency  toward 
kinking.  In  most  instances,  it  is  used  on  sheaves 
and  drums.  This  not  only  prevents  kinking,  but 
also  makes  use  of  its  pliability  and  strength. 
CABLE-LAID  line  usually  consists  of  three 
right-hand  hawseHaid  lines  twisted  together  in  a 
left-hand  direction.  It  is  especially  safe  to  use  in 
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Figure  5-1  .—Fiber  groupings  in  s  3-strand  line. 
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Figure  5  2.-Throe  type*  of  fiber  line 


heavy  tonstnMion  work  bctause,  in  case  it 
untwists  it  will  ttnd  to  tighten  *n>  regular 
nghi-hand  screw  connection  tu  which  attached. 

SIZE  DESIGNATION 

Line  I  3/4  in*  or  less  in  circumference  is 
called  SMALL  STUFF  and  is  usually  designated 
as  to  size  by  the  number  of  THREADS  (or 
yams)  that  make  up  each  strand.  You  may  use 
anywhere  from  6-  to  24-thread,  but  the  most 
commonly  used  are  9*  to  21*thread.  (See  fig. 
5-3.)  You  may  hear  some  small  stuff  designated 
by  name,  without  reference  to  size.  One  such 
type  is  MARLINE,  a  tarred,  2-strand,  lefMaid 
hemp.  Marline  is  the  small  stuff  you  will  use 
most  for  seizings.  When  you  need  something 
stronger  than  marline,  you  will  use  a  tarred, 
3-strand,  left-laid  hemp  called  HOUSE  LINE. 


5*2 

/5i 


Chapter  5 -FIBER  UNE,  WIRE  ROPE,  AND  SCAFFOLDING 
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Figure  &-3.— Some  commonly  used  lizet  of  m*nilt  line. 


Line  larger  than  I  3  4  in,  in  circumference  is 
generally  designated  as  to  size  by  its 
CIRCUMFERENCE  m  inches.  A  6-in.  manila 
line,  for  instance*  would  be  constructed  of 
manila  fibers  and  measure  6  in.  in  circum- 
ference. Line  is  available  in  sizes  ranging 
up  to  16  in,  in  circumference*  but  1 2  in,  is  about 
the  largest  carried  in  stock.  Anything  larger  is 
used  only  on  special  jobs.  (See  fig.  5-3.) 

If  you  have  occasion  to  order  line,  you  may 
find  that  m  the  catalogs  it  is  designated  and 
ordered  by  diameter.  The  catalog  may  also  use 
the  term  rope  (rather  than  line). 

ROPE  YARNS  for  temporary  seizings, 
whippings,  and  lashings,  are  pulled  from  large 
strands  of  old  line  which  has  outlived  its 
usefulness  Pul!  your  yam  from  the  middle, 
away  from  the  ends*  or  it  will  get  fouled. 

STRENGTH  OF  FIBER  LINE 

Overloading  a  line  puses  a  senotis  threat  to 
the  safety  of  personnel,  not  to  mention  the 
heavy  losses  likely  to  result  through  damage  to 
matenaL  To  avoid  overloading,  you  must  know 
the  strength  of  the  hne  with  which  you  are 


working.  This  involves  three  factors:  breaking 
strength,  safe  working  load,  and  safety  factor. 

BREAKING  STRENGTH  refers  to  the 
tension  at  which  the  line  will  part  when  a  load  is 
applied.  Breaking  strength  has  been  determined 
through  tests  made  by  rope  manufacturers,  and 
tables  have  been  set  up  to  provide  this 
information.  In  the  absence  of  manufacturers' 
tables,  a  rule  of  thumb  for  finding  the  breaking 
strength  of  manila  line  is: 

C2  x  90U  =  BS 

In  tins  rule*  C  =  circumference  in  in.  ajid  BS  = 
breaking  strength  in  pounds.  To  find  BS,  the 
circumference  is  squared  and  the  figure  obtained 
is  then  multiplied  by  900.  With  a  3-in.  line,  for 
example,  you  will  get  a  BS  of  8100,  figuring  as 
follows: 

3  x  3  x  900  =  8100  lb 

The  breaking  strength  of  manila  line  is 
higher  than  that  of  sisal  line.  Tins  is  caused  by 
the  difference  in  strength  of  the  two  fibers.  The 
fiber  from  which  a  particular  line  is  constructed 
has  a  definite  beanng  on  its  breaking  strength. 

The  breaking  strength  of  nylon  line  is  almost 
three  times  that  of  manila  line  of  the  same  size 
The  best  rule  of  thumb  for  the  breaking  strength 
of  nylon  is" 

BS  =  C2  x  2400 

The  symbols  in  the  rule  are  t!;e  same  as 
those  for  fiU*r  line. 

For  2  l/2-m*  nylon  line 

BS=  2.5  x  2.5  x  2400  =  15,000  1b 

Briefly  defined,  the  SAFE  WORKING 
LOAD  of  a  line  is  the  load  that  can  be  applied 
without  causing  any  kind  of  damage  to  the  line. 
Note  that  the  safe  working  load  is  considerably 
less  than  the  breaking  strength.  A  wide  margin 
of  difference  between  breaking  strength  and  safe 
working  load  is  necessary  to  allow  for  such 
factors  as  additional  strain  imposed  on  the  line 
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by  jerky  movements  in  hoisting  or  bending  over 
sheaves  in  a  pulley  block. 

You  may  not  always  have  a  chart  available 
to  tell  you  the  safe  working  load  for  a  particular 
size  line-so  what  do  you  do  then?  Fortunately, 
there  is  a  rule  of  thumb  which  will  adequately 
serve  your  needs  on  such  an  occasion, 

SWL  =  C2  x  15C 

where  SWL^the  sale  working  load  in  pounds 
and  C  =  the  circumference  of  the  line  in  in. 
Simply  take  the  circumference  of  the  line, 
square  it,  and  then  multiply  by  150.  For  a 
3-inch  line,  here  is  how  the  rule  works, 

3  x  3  x  150=  13501b 

Thus  the  safe  working  load  of  a  3-in.  line  ib 
equal  to  1350  pounds. 

If  the  line  is  in  good  s>hape,  add  30  percent 
to  the  SWL  armed  at  by  means  of  the  rule,  or  if 
it  is  in  bad  shape7  subtract  30  percent  from  the 
SWL,  In  the  example  given  above  for  the  3-in. 
line,  addmg  30  percent  to  the  13501b  would 
give  you  a  safe  working  load  of  1755  lb.  On  the 
other  hand,  subtracting  30  percent  from  the 
1350  lb  would  leave  you  a  safe  working  load  of 
945  lb. 

Remember  that  the  strength  of  a  line  will 
decrease  with  age,  use,  and  exposure  to  excessive 
heat,  boiling  water,  or  sharp  bends*  Especially 
with  used  line,  these  and  other  factors  affecting 
strength  should  be  given  careful  consideration, 
and  proper  adjustment  made  in  the  breaking 
strength  and  ^afe  working  load  capacity  of  the 
line.  Manufacturers*  of  line  provide  tables  to 
show  the  breaking  strength  and  safe  working 
load  upd^ty  of  line.  You  will  find  such  tables 
ver>  useful  in  >our  work*  You  must  remember, 
however,  that  the  values  given  in  manufacturers' 
tables  ONLY  apply  to  NEW  LINE  being  used 
under  favorable  conditions.  For  that  reason,  you 
must  PROGRESSIVELY  REDUCE  the  values 
given  in  manufacturer's  tables  as  the  line  ages  or 
deteriorates  with  use. 

Keep  in  mind  that  a  strong  strain  oh  a 
kinked  or  twisted  line  will  put  a  permanent 
distortion  in  the  line.  Figure  5-4  shows  what 
frequently  happens  when  pressure  is  applied  to  a 
line  with  a  kink  in  it.  The  kink  that  could  have 
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Figure  5-4,~R«ult  of  a  strong  ttraln  on  a  line  with  a 
kink  In  \U 

been  worked  out  low  permanent,  and  the  lrne 
is  ruined. 

The  SAFETY  FACTOR  of  a  line  is  the  ratio 
between  the  breaking  strength  and  the  safe 
working  load.  Usually  a  safety  factor  of  4  is 
acceptable,  but  this  is  not  always  the  case.  In 
other  words,  the  safety  factor  will  vary, 
depending  on  such  things  as  the  condition  of  the 
line  and  circumstances  under  which  it  is  to  be 
used*  While  the  safety  factor  should  NEVER  be 
less  than  3,  it  often  must  be  well  above  4 
^possibly  as  high  as  8  or  10).  For  best,  average, 
or  unfavorable  conditions,  the  safety  factor 
indicated  below  may  often  be  suitable, 

BEST  conditions  (new  line):  4. 

AVERAGE  conditions  (line  used,  but  in 
good  condition):  6. 

UNFAVORABLE  conditions  (frequently 
used  line,  such  as  running  rigging):  8. 

HANDLING  AND  CARE 

if  the  fiber  line  you  work  with  is  to  give  safe 
and  dependable  service,  you  fnust  make  a  special 
effort  to  insure  that  it  Js  hauled  and  cared  for 
properly.  Study  the  precautious  and  procedures 
given  here,  and  make  sure  you  carry  them  out 
property  in  duties  involving  fiber  line. 

Loose*  ends  of  fiber  line  should  be  whipped 
or  spliced  to  prevent  unlaying  of  the  line,  (See 
fig.  5-5.)  When  fiber  line  is  to  be  cut,  put  two 
whippings  on  the  line  1  or  2  in,  apart  and  then 
make  the  cut  between  the  whippings. 

When  fiber  line  is  being  stored,  care  should 
be  taken  to  prevent  deterioration-  It  should  be 
dned  carefully  and  stored  uncovered  in  a  dry 
place,  such  as  on  gratings  or  in  some  manner  to 
allow  air  to  circulate  through  ihe  coil. 
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Figure  5-5, -Rain  whipping  a  line. 


Never  cover  a  line  unless  absolutely 
necessary,  as  covering  it  will  hold  in  the 
moisture  and  prevent  discovery  of  any 
deterioration. 

When  possible,  slacken  a  dry,  taut  line 
before  it  is  exposed  to  rain  or  damp  weather  as 
line  contracts  when  wet  and  may  become 
overstrained  and  weakened. 

The  strength  of  fiber  line  decreases  rapidly 
with  use  because  of  breakage  and  slipping  of  the 
fibers.  The  fibers  will  slip  a  small  amount  under 
each  strain  in  spite  of  the  twisting,  and  no 
attempt  should  be  made  to  load  a  line  to  its 
maximum  after  it  has  been  used  for  some  time. 
Breakage  of  fibers  should  be  avoided  as  much  as 
possible. 

Muddy  line  should  be  cleaned  by  washing  in 
water  only.  Do  not  use  soap  because  it  will  take 
the  natural  oils  out  of  the  fibers. 

Avoid  pulling  line  ovc;  sharp  edges.  Place 
chafing  gear,  such  as  a  board,  folded  cardboard, 
canvas,  or  part  of  a  firehose  between  the  line 
and  the  sharp  edge  to  reduce  breakage  of  the 
strands. 

Since  sand  or  dirt  lias  an  abrasive  action  on 
the  inner  fibers  of  line,  avoid  dragging  line 
through  sand  or  dirt.  If  sand  gets  on  the  Iuk> 
■carefully  wash  the  line  in  water  only. 

Wherever  possible,  use  knots  that  can  be 
untied  easily  to  eliminate  the  necessity  for 
cutting  the  line 


If  a  nylon  line  becomes  slippery  because  of 
grease*  it  should  be  cleaned  with  tight  oils,  such 
as  kerosene  or  diesel  oil. 

Do  not  stow  nylon  line  in  strong  sunlight. 
Cover  it  with  tarpaulins.  In  stowage,  keep  it 
away  from  heat  and  strong  chemicals. 


WIRE  ROPE 

Wire  rope  consists  of  three  parts:  v/ires* 
strands,  and  core,  (Sec  fig,  5-6,)  In  the 
manufacture  of  rope,  a  number  of  WIRES  are 
laid  together  to  fonn  a  STRAND.  Then  a 
number  of  strands  are  laid  together,  usually 
around  a  central  CORE,  to  form  the  rope.  The 
basic  unit  of  wire  rope  construction  then  is  the 
individual  wire,  which  may  be  made  of  steel* 
iron,  or  other  metal,  in  various  sizes.  In  making  a 
rope,  the  number  of  strands  will  vary,  depending 
on  the  purpose  for  which  the  rope  is  intended. 
Wire  rope  is  designated  by  the  outside  diameter, 
by  the  number  of  strands  per  rope,  and  by  the 
number  of  wires  per  strand.  Thus,  a  1/2  in,  6  x 
19  rope  will  have  6  , strands  with  19  wires  per 
strand,  but  will  have  the  same  outside  diameter 
as  a  1/2  in,  6  x  37  wire  rope,  which  will  have  6 
strands  with  37  small  size  wires  per  strand.  Wire 
rope  made  up  of  a  large  number  of  small  wires  ^ 
flexible,  but  the  small  wires  are  easily  broken  so 
the  wire  rope  is  not  resistant  to  external 
abrasion.  Wire  rope  made  up  of  a  smaller 
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Figure  5-6,— Parts  of  a  wire  roPe, 
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number  of  larger  wires  is  more  resistant  to 
external  abrasion,  it  is  also  less  flexible. 

The  central  CORE- the  element  around 
which  the  strands  are  lard  to  form  the  rope -may 
be  a  hard  fiber  (such  as  manila,  hemp,  or  sisal)>  a 
wire  strand,  or  an  independent  wire  rope.  Each 
type  of  core  serves  the  same  basic  purpose,  that 
of  affording  support  to  the  strands  laid  around 
it 

FIBER  CORE  offers  the  advantage  of 
increased  flexibility.  In  addition,  it  serves  as  a 
cushion  to  reduce  the  effects  of  sudden  strain 
and  acts  as  a  reservoir  for  the  oil  necessary  for 
lubrication  of  the  wires  and  strands  to  reduce 
friction  between  them.  Wire  rope  having  a  fiber 
core  is  used  in  places  where  no  severe  heat  is 
involved  and  where  flexibility  on  the  part  of  the 
rope  is  important 

A  WIRE  STRAND  CORE  not  only  provides 
more  resistance  to  heat  than  a  fiber  core,  but 
also  adds  about  7  1/2  percent  to  the  strength  of 
the  rope.  On  the  other  hand,  the  wire  strand 
makes  the  rope  less  flexible  than  when  a  fiber 
core  is  used.  This  type  of  rope  is  used  in  places 
where  hot  work  (cutting,  weld-ng,  etc.)  is 
involved. 

An  INDEPENDENT  WIRE  ROPE  CORE  is  a 
separate  wire  rope  over  which  the  main  strands 
of  the  rope  are  laid.  It  usually  consists  of  six 
7-wire  strands  laid  around  either  a  fiber  core  or  a 
wire  strand  core.  This  type  of  core  gives  the  rope 
additional  strength,  provides  support  against 
crushing,  ai.d  supplies  maximum  resistance  to 
heat. 

Wire  rope  may  be  fabricated  by  either  of 
two  methods.  If  the  strands  or  wires  are  shaped 
to  conform  to  the  curvature  of  the  finished  rope 
prior  to  laying  up,  the  rope  is  termed 
PREFORMED,  If  they  are  not  shaped  before 
fabrication,  the  rope  is  termed  NON- 
PREFORMED.  When  cut,  preformed  wire  rope 
tends  not  to  unlay,  and  it  is  more  flexible  than 
nonpreformed  wire  rope.  Preforming  eliminates 
the  locked  up  stress  and  strain  existing  in 
nonpreformed  wire  rope,  and  prevents  the  rope 
lrom  flying  apart  when  cut  or  broken^  and  also 
resists  kinking.  Preformed  rope  is  more  easily 
spliced  since  the  strands  fit  perfectly  into  place. 
With  nonpreformed  wire  rope,  the  twisting 
process  produces  a  stress  in  the  wires,  and  when 
it  is  cut  or  broken,  the  stress  causes  the  strands 


to  unlay.  In  nonpreformed  wire  unlaying  is  rapid 
and  almost  instantaneous,  and  could  cause 
serious  injury  to  someone  not  familiar  with  it. 

The  main  types  of  wire  rope  used  by  the 
Navy  consist  of  6,  7,  12,  19,  24,  or  37  wires  in 
each  strand.  Usually,  the  rope  has  6  strands  laid 
around  a  fiber  or  steel  center. 

Two  common  types  of  wire  rope,  6  x  19  and 
6x37  ropet  are  illustrated  in  figure  5-7.  The 
6x19  type,  having  6  strands  with  19  wires  in 
each  strand,  is  commonly  used  for  rough 
hoisting  and  skidding  work  where  abrasion  is 
likely  to  occur.  The  6  x  37  wire  rope,  having  6 
ttrands  wWi  37  wires  in  each  strand,  is  the  most 
flexible  of  the  standard  6-strand  ropes.  For  that 
reason,  it  is  particularly  suitable  when  small 
sheaves  and  drums  are  to  be  used,  such  as  on 
cranes  and  similar  machinery. 


MEASURING  WIRE  ROPE 


The  size  of  wire  rope  is  designated  by  its 
diameter.  The  true  diameter  of  a  wire  rope  is 
considered  as  being  the  diameter  of  the  circle 
which  will  just  enclose  all  of  its  strands.  Both 
the  correct  and  incorrect  methods  of  measuring 
wire  rope  are  illustrated  in  figure  5-8.  Note,  in 
particular,  that  the  CORRECT  WAY  is  to 
measure  from  the  top  of  one  strand  to  the  top 
of  the  strand  directly  opposite  it.  The  wrong  way 
is  to  measure  across  two  strands  side  by  side. 
Use  calipers  to  take  the  measurement;  if  they  are 
not  available,  an  adjustable  wrench  will  do. 
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Figure  57. -Two  comrpon  types  of  wire  rope. 
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Figure  5*8,— Correct  and  incorrect  methods  of  metturing 
wire  rope. 


To  insure  an  accurate  measurement  of  the 
diameter  of  a  wire  rope,  always  measure  the 
rope  at  three  places,  at  least  5  ft  apart.  Use  the 
average  of  die  three  measurements  as  the 
diameter  of  the  rope, 

SAFE  WORKING  LOAD 

The  term  SAFE  WORKING  LOAD  (SWL), 
as  used  in  reference  to  wire  rope,  means  the  load 
that  can  be  applied  and  still  obtain  the  most 
efficient  service  2nd  also  prolong  the  life  of  the 
rope.  Most  manufacturers  provide  tables  which 
show  die  safe  working  load  for  their  rope  under 
various  conditions.  In  the  absence  of  these 
tables,  it  is  often  necessary  to  apply  a  thumb 
rule  formula  to  obtain  tfie  SWL,  There  *;re  rules 
of  thumb  which  may  be  u:sed  to  compute  the 
strength  of  wire  rope.  The  one  recommended  by 
the  Naval  Facilities  Engineering  Command 
(NAVFAO  is 

SWL  (in  tons(  =  D2  x4 

This  particular  formula  provides  an  ample 
safety  margin  to  account  for  such  variables  as 
the  number,  ;uze,  and  location  of  sheaves  and 
drums  on  wlueh  die  rope  runs,  and  such 
dynamic  stresses  as  the  speed  of  operation,  and 
the  acceleration  and  deceleration  of  the  load,  all 
of  which  can  affect  the  endurance  and  breaking 
strength  of  the  rope 


In  the  above  formula,  D  represents  the 
diameter  of  the  rope  in  in.  Suppose  you  want  to 
find  the  SWL  of  a  2-in,  rope.  Using  the  formula 
above,  your  figures  would  be: 

SWL  =  (2)2  x4 
SWL"4x  4  =  16 

The  answer  is  16,  mealing  that  the  rope  has 
an  SWL  of  16  tons. 

It  is  very  important  to  remember  that  any 
formula  for  determining  SWL  is  ONLY  A  RULE 
OF  THUMB.  In  computing  the  SWL  of  old  rope, 
worn  rope,  or  rope  which  is  otherwise  in  poor 
condition,  you  should  reduce  the  SWl  as  much 
as  50  percent,  depending  on  the  condition  of  the 
rope. 

The  manufacturer's  data  concerning  die 
breaking  strength  (BS)  of  wire  rope  should  be 
used  if  available.  But  if  you  do  not  have  that 
information,  one  rule  ot  thumb  recommended 

is: 

BS=C2  x  80001b 

As  you  know,  wire  rope  is  measured  by  the 
diameter  (D).  To  obtain  t|ie  circumference  (C) 
required  in  the  formula,  multiply  D  by  pi  (tt), 
which  is  approximately  3J4I6.  Thus  the 
formula  to  find  the  circumference  is: 

C  =  Dtt 

WIRE  ROPE  FAILURE 

Some  of  the  common  causes  of  wire  rope 
failure  are  listed  below 

1,  Using  incorrect  sue,  construction,  or 
grade, 

2,  Dragging  over  obstacles, 

3,  Having  improper  lubrication. 

4,  Operating  over  sheaves  and  .Irums  of 
inadequate  size, 

5,  Overriding  or  crosswinding  on  drums 

6,  Operating  over  sheaves  and  drums  with 
improperly  fitted  grooves  or  broken  flangrs. 

7,  Jumping  off  sheaves, 

8,  Subjecting  to  acid  fumes, 

9,  Attaching  fitting  improperly. 
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10.  Promoting  interna]  wear  by  allowing  grit 
to  penetrate  between  the  strands. 

11.  Subjecting  to  severe  or  continuing 
overload. 

12.  Kinking. 

13*  Having  an  excessive  fleet  angle. 

CLEANING  AND 
LUBRICATION 

Used  wire  rope  should  be  cleaned  at 
frequent  intervals  to  remove  any  accumulation 
of  dirt,  grit,  rust,  or  other  foreign  matter.  The 
frequency  of  cleaning  will  depend  on  how  mmh 
the  rope  is  used  However,  rope  should  always 
be  cleaned  well  prior  to  lubrication.  The  rope 
may  be  cleaned  b>  wire  brushes,  compressed  air, 
or  steam.  Do  not  use  oxygen  in  place  of 
compressed  air  as  it  becomes  very  dangerous 
when  it  comes  in  contact  with  grease  or  oil.  The 
purpose  is  to  remove  all  old  lubricant,  as  well  as 
foreign  matter  from  the  valleys  between  the 
strands  and  from  the  spaces  between  the  outer 
wires,  so  that  the  newly  applied  lubricant  will 
have  ready  entrance  into  the  rope.  Wire  brushing 
affords  a  good  opportunity  to  find  any  broken 
wires  that  may  otherwise  go  unnoticed. 

Wire  rope  is  initially  lubricated  by  the 
manufacturer,  but  this  initial  lubrication  will 
only  last  so  long  before  periodic  applications 
have  to  be  made  by  the  user.  Each  time  a  wire 
rope  bends  and  straightens,  the  wires  in  the 
strands  and  the  strands  in  the  rope  slide  upon 
each  other.  To  prevent  the  rope  wearing  out  by 
this  sliding  action,  a  film  of  lubricant  is  needed 
between  the  surfaces  in  contact.  The  lubricant 
also  helps  to  prevent  corrosion  of  the  wires  and 
deterioration  of  fiber  venters.  A  rusty  wire  rope 
is  a  liability1  With  wire  rope*  the  same  as  with 
any  machine  or  piece  of  equipment,  proper 
lubrication  is  essential  to  smooth,  efficient 
performance. 

The  lubricant  should  be  a  good  grade  of 
lubricating  oil,  free  from  acids  and  corrosive 
substances,  It  must  also  be  of  a  consistency  that 
will  penetrate  to  the  center  of  the  core,  yet 
heavy  enough  to  remain  as  a  coating  on  the 
outer  surfaces  of  the  strands. 

Two  good  lubricants  for  this  purpose  are  raw 
linseed  oil  and  a  medium  graphite  grease.  Raw 
linseed  oil  dries  and  is  not  greasy  to  handle. 


Graphite  grease  is  lughly  resistant  to  saltwater 
corrosion.  Of  course,  other  commercial 
lubricants  may  be  obtained  and  used.  The  best  is 
a  semiplastic  compound  wliich  is  thinned  by 
heating  before  being  applied.  It  will  penetrate 
while  hot,  then  cool  to  a  plastic  filler,  preventing 
the  entrance  of  water. 

One  method  of  applying  the  lubricant  is  by 
using  a  brtish.  In  doing  so,  remember  to  apply 
the  coating  of  fresh  lubricant  evenly  and  to  t 
work  it  in  well.  Another  method  involves  passing 
the  wire  rope  through  a  trough  or  box 
containing  hot  lubricant  (fig.  5-9).  fti  this 
method*  the  heated  lubricant  is  placed  in  the 
troujh>  *nd  then  the  rope  is  passed  through  it 
over  shelves  and  under  a  center  guide  wheel. 
Hot  oils  or  greases  have  ver>  good  penetrating 
qualities.  And,  upon  cooling,  they  have  high 
jrfhesive  and  film-strength  around  each  wire. 

As  a  safety  precaution,  always  wipe  off  an; 
excess  when  lubricating  wire  rope.  This  is 
especially  important  where  heavy  equipment  is 
involved.  Too  much  lubricant  is  liable  to  get 
onto  brakes  or  clutches,  causing  them  to  fail. 
While  in  use,  the  motion  of  machinery  may 
throw  excess  oil  around  over  crane  cabs  and 
onto  catwalks,  making  them  unsafe  to  work  on. 


STORAGE 


Wire  rope  should  not  be  stored  in  places 
where  avid  is  or  has  been  kept.  The  slightest 
trace  of  acid  coming  in  contact  with  wire  rope 
will  damage  it  at  that  particular  spot.  Many 
times  wire  rope  which  has  given  away  has  been 
found  to  be  acid  damaged.  The  importance  of 
keeping  acid  or  acid  fumes  away  from  wire  rope 
must  be  stressed  to  all  hands. 

It  is  especially  important  that  wire  rope  be 
cleaned  and  lubricated  properly  before  it  is 
placed  in  storage.  Fortunately,  corrosion  of  wire 
rope  during  storage  can  be  virtually  eliminated, 
IF  the  lubricant  film  is  applied  properly 
beforehand  and  if  adequate  protection  is 
provided  from  the  weather.  Bear  in  mind  that 
rust,  corrosion  of  wires,  and  detenoration  of  the 
fiber  core  greatly  reduces  the  strength  of  wire 
rope.  It  is  not  possible  to  state  exactly  the  loss 
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127.42 

Figure  5-9.— Method  of  field  lubrication. 


of  strength  which  results  from  these  effects.  It  is 
certainly  great  enough  to  require  close 
observance  of  those  precautions  prescribed  for 
protection  against  such  effects 

INSPECTION 

Wire  rope  should  be  inspected  at  regular 
intervals,  the  same  as  fiber  line.  In  determining 
the  frequency  of  inspection,  the  amount  of  use 
of  the  rope  and  conditions  under  which  it  is 
used  are  factors  deserving  careful  consideration. 

During  an  inspection,  the  rope  should  be 
examined  carefully  for  fishhooks,  kinks,  and 
worn,  corroded  spots.  Usually,  breaks  in 
individual  wires  will  be  concentrated  in  those 
portions  of  the  rope  that  consistently  run  over 
the  sheaves  or  bend  onto  the  drum.  Abrasion  or 
reverse  and  sharp  bends  cause  individual  wires  to 
break  and  bend  back.  The  breaks  arc  known  as 
fishhooks.  When  wires  ?re  only  slightly  worn  but 
have  broken  off  squarely  and  stick  out  all  over 
the  rope,  the  condition  is  usually  caused  by 
overloading  or  rough  handling.  If  the  breaks  are 


confined  to  one  or  two  strands,  then  the 
strength  of  the  rope  may  be  seriously  reduced, 
When  4  percent  of  the  total  number  of  wires  in 
the  rope  are  found  to  have  breaks  within  the 
length  of  one  lay  of  the  rope*  the  wire  rope  is 
unsafe.  Consider  the  rope  unsafe  when  three 
broken  wires  arc  found  in  one  strand  of  6  by  7 
rope*  six  broken  wires  in  one  strand  of  6  by  19 
rope,  or  nine  broken  wires  in  one  strand  of 
6  by  Si  rope. 

Overloading  a  rope  also  causes  its  diameter 
to  be  reduced.  Failure  to  lubricate  the  rope  is 
another  cause  of  reduced  diameter  inasmuch  as 
the  hemp  core  will  dry  out  and  eventually 
collapse  or  shrink.  The  surrounding  strands  are 
thus  deprived  of  support,  and  the  rope's  strength 
and  dependability  are  correspondingly  reduced 
Rope  that  has  its  'Jiameter  reduced  to  less  than 
75  percent  of  its  original  diameter  should  be 
removed  from  service. 

A  wire  rope  should  aiso  be  removed  iVom 
service  when  an  inspection  reveals  widespread 
corrosion  and  pitting  of  the  wires.  Particular 
attention  should  be  given  to  signs  of  corrosion 


BUILDER  3  &  2 


and  rust  in  the  valleys  or  small  spaces  between 
the  strands.  Since  such  corrosion  is  usually  the 
result  of  improper  or  infrequent  lubrication,  the 
internal  wires  of  the  rope  are  then  subject  to 
extreme  friction  and  wear.  This  form  of  internal, 
and  often  invisible,  destruction  of  the  wire  is 
one  of  the  most  frequent  causes  of  unexpected 
and  sudden  failure  of  wire  rope.  The  best 
safeguard,  of  course,  is  to  keep  the  rope  well 
lubricated  and  to  handle  and  store  it  properly. 

WIRE  ROPE  ATTACHMENTS 

In  addition  tc  splicing  (permanent 
arrangement  of  the  rope),  there  are  a  numberof 
wire  rope  attachments,  $uch  as  sockets  and  wire 
rope  clips,  which  can  be  put  on  a  wire  rope  so 
that  it  may  be  used  with  other  ropes,  chains,  pad 
eyes,  or  equipment.  In  general,  these 
attachments  permit  the  wire  rope  to  be 
employed  with  greater  flexibility  than  would  be 
possible  with  the  more  permanent  splice,  ^ince 
the  attachments  allow  the  same  wire  rope  to  be 
made  up  in  a  variety  of  different  arrangements. 

A  temporary  eye  splice  may  be  put  in  wire 
rope  by  using  clips.  A  single  clip,  as  shown  in 
figure  5-10,  consists  of  three  parts:  U-bolt, 
saddle,  and  nuts.  The  correct  and  two  incorrect 
methods  of  applying  these  clips  to  wire  rope  are 
also  shown  in  figure  5-10,  the  second  incorrect 
method  shown  is  the  most  common  one  made. 
Notice  that  the  CORRECT  way  is  to  apply  the 
clips  so  that  the  U-holts  bear  against  the  bitter 
end;  that  is,  the  short  end  of  the  rope.  If  the 
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Figure  5*10.—  Uw  of  wire  rope  clip*. 


clips  are  attached  incorrectly  the  result  wil)  be 
distortion  or  masheci  spots  on  the  live  end  or 
working  end  of  the  rope.  After  a  rope  is  unaer 
strain,  tighten  the  chps  again.  On  operating 
ropes,  tighten  the  clips  daily  and  inspect  the 
ropes  carefully  at  points  where  there  are  chps. 
Pay  particular  attention  to  the  win;  at  the  clip 
farthest  from  the  eye,  as  vibration  and  whipping 
are  dampened  here  und  fatigue  breaks  are  likely 
to  occur. 

To  obtain  maximum  strength  in  the 
temporary  eye  splice,  use  the  correct  size  and 
number  of  wire  clips.  Their  size  is  stamped  on 
the  saddle  between  the  tow  holes.  A  rule  of 
thumb  for  determining  the  number  of  clips 
required  for  various  sizes  of  rope  to  multiply 
the  diameter  of  the  rope  by  3  and  add  1*  stated 
as  a  formula  this  means. 

3D  +  I  =  number  of  clips. 

For  example,  if  the  rope  has  a  diameter  of 
1  in.,  you  determine  the  number  of  clips  as 
follows: 

(3  x  I )  +  I  =  4  clips. 

In  case  the  answer  contain*  a  fraction,  then 
use  the  next  largest  whole  number.  1q  other 
words,  suppose  you  want  to  find  the  numberof 
clips  for  a  wire  rope  J/2  in.  m  diameter.  Using 
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Figure  5-1  l.-lmproved  type  0f  wire  rope  clip. 


5-10 


Chapter  5-FIBER  LINE,  WIRE  ROPE,  AND  SCAFFOLDING 


the  formula,  the  answer  would  be  2  l/2  clips* 
which  obviously  is  a  practical  impossibility. 
Thus,  you  simpfy  raise  the  traction  to  the  next 
higher  number,  3,  to  get  the  correct  answer. 

The  clips  should  be  properly  spaced  to 
provide  a  good  hold  on  the  rope.  The  correct 
distance  between  the  clips  may  be  determined 
by  multiplying  6  times  the  diameter  of  the  rop£. 
6D  =  DISTANCE  BETWEEN  CLIPS,  where  D  is 
equal  to  the  diameter.  Here,  as  in  determining 
the  number  of  clips,  if  the  answer  contains  a 
fraction,  use  the  next  largest  whole  number. 

An  improved  type  of  wire  rope  clip  which 
has  been  developed  is  shown  in  figure  5-f  LTliis 
type  has  a  few  advantages  over  that  shown  in 
figure  5-10.  In  the  improved  type*  both  halves 
are  identical  and  provide  a  bearing  surface  for 
both  parts  of  the  rope.  Thus,  it  cannot  be  put  on 
wrong  and  it  will  not  destroy  the  wire.  It  also 
allows  a  full  swing  with  a  wrench. 

Wire  rope  clips  should  be  inspected  and 
tightened  at  regular  intervals.  Also,  after 
comparatively  long  use,  the  clips  should  be 
removed  and  the  rope  examined  for  broken 
wires,  If  any  arc  present,  the  damaged  area 
should  be  removed  and  a  new  attachment  made. 

Another  type  of  attachment  is  the  WEDGE 
SOCKET  end  fitting,  winch  is  easy  to  install  and 
may  be  changed  quickly.  (See  fig.  5-12.)  The 
wedge  socket  is  frequently  used  to  attach  dead 
ends  of  wires  to  pad  eyes  or  similar  fittings  on 
earthmoving  rings.  It  is  made  in  two  parts.  The 
socket  itself  lias  a  tapered  opening  for  the  wire 
rope  and  a  small  wedge  to  go  in  this  tapered 
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Figure  5-13.— a  ProPerly  installed  wedge  socket* 


socket.  The  right  method  of  installing  a  wedge 
socket  is  shown  in  figure  5-13,  It  might  be  noted 
that  the  strength  of  a  wedge-type  socket  is  sucli 
that  the  overall  strength  of  a  rope  having  one 
attached  is  reduced  by  about  one-third  The  safe 
working  load  of  the  rope  must  also  be  reduced 
accordingly. 

To  install  the  wedge  socket  on  a  wire  rope, 
remove  the  wedge  and  insert  a  loop  of  the  wire 
rope  through  the  tapered  opening  from  the 
bottom  of  the  socket  up,  Place  the  wedge 
through  the  loop  and  pull  the  ends  of  the  wire 
rope,  back  through  the  tapered  opening  until  the 
wedge  forces  the  wire  rope  against  the  sides  of 
the  wedge  socket.  The  loop  of  wire  rope  must  be 
inserted  in  the  wedge  socket  so  that  the  standing 
part  of  the  wire  rope  will  form  a  nearly  direct 
line  to  the  socket  pin  of  the  fitting  (note  fig 
5-13).  A  properly  made-up  wedge  socket 
connection  will  tighten  when  a  strain  is  placed 
on  the  wire  rope. 

In  selecting  a  socket,  be  sure  yon  get  the 
right  size  socket  and  wedge.  The  size  is  indicated 
on  most  sockets  and  on  some  wedges.  Figure 
5-14  shows  how  to  measure  a  wedge  if  the  size  is 
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Figure  5-1 2. -Paris  of  a  wedge  socket, 
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Figure  5-14.— How  to  measure  e  wedge. 
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not  stamped  on  the  socket.  If  the  wrongaze  of 
wedge  cs  used,  it  can  be  harmful  to  the  wire 
rope.  If  the  wedge  is  too  small,  it  will  cut  the 
wire  rope;  if  it  is  too  large,  the  wire  rope  will 
slip. 


BLOCK  AND  TACKLE 

A  BLOCK  consists  *)f  one  or  more  sheaves 
fitted  in  a  wood  or  meta^  frame  supported  b>  a 
hook  or  shackle  inserted  in  the  strap  of  the 
block.  A  TACKLE  is  an  assembly  of  blocks  and 
lines  used  to  gain  a  mechanical  advantage  in 
hfting  or  pulling. 

In  a  tackle  assembly,  the  line  is  reeved  over 
the  sheaves  of  blocks.  There  are  two  types  of 
tackle  systems:  simple  and  compound.  A 
SIMPLE  tackle  system  is  an  assembly  of  blocks 
in  which  a  single  line  is  used.  (See  view  At  fig. 
5-15)  A  COMPOUND  tackle  system  is  an 
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Figure   SM5.-TYP**  of   tackle.    A.    Simple  tackle, 
B.  Compound  tackle. 


assembly  of  blocks  in  which  more  than  one  line 
is  used.  (See  view  B,  fig.  5-15.) 

TACKLE  TERMS 

To  help  avoid  confusion  in  working  with 
tackle,  it  is  important  that  you  be  familiar  with 
various  technical  terms.  Here  are  some 
commonly  used  tackle  terms  which  you  should 
know  and  understand.  (See  fig.  5-16.) 

A  FALL  is  a  line,  cither  fiber  line  or  wire 
rope,  reeve*J  through  a  pair  of  blocks  to  form  a 
tackle. 

The  HAULING  PART  js  the  part  of  the  fall 
leading  from  one  of  the  blocks  upon  which  the 
power  is  exerted.  The  STANDING  PART  is  the 
end  of  the  fall  wluch  is  attached  to  one  of  the 
beckcts. 

The  MOVABLE  (or  RUNNING)  BLOCK  of 
a  tackle  is  the  block  attached  to  the  object  to  be 
moved,  "Hie  FIXED  (or  STANDING)  BLOCK  is 
the  block  attached  to  a  fixed  object  or  support. 
When  a  tackle  is  being  used,  the  movable  block 
moves  and  the  fixed  block  remains  stationary* 
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Figur«  5- 1 6.-Parts  of  a  tactt*. 
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The  term  TWO-BLOCKED  means  that  both 
blocks  of  a  tackle  are  as  close  together  as  they 
will  go.  You  may  also  hear  this  same  condition 
refcmd  to  as  BLOCK-AND-BLOCK. 

To  OVERHAUL  is  to  lengthen  a  tackle  by 
pulling  the  two  blocks  apart. 

To  ROUND  IN  means  to  bring  the  blocks  of 
a  tackle  toward  each  other,  usually  without  a 
load  on  the  tackle  (opposite  of  overhaul). 

Don't  be  surprised  if  your  coworkers  use  a 
number  of  different  terms  in  referring  to  a 
tackle.  Such  terms  as  LINE-AND-B LOCKS, 
PURCHASE,  and  BLOCX-AND-FALLS  are 
typica1  of  other  names  frequently  used  for 
tackle. 

BLOCK  NOMENCLATURE 

Blocks  are  constructed  for  use  with  fiber  tine 
or  with  wire  rope.  Wire  rope  blocks  are  heavily 
constructed,  and  have  a  large  sheave  containing  a 
deep  groove.  Fiber  Jme  blocks  are  generally  not 
as  heavily  constructed  as  wire  rope  blocks  and 
have  smaller  sheaves  with  shallower  wide 
grooves*  A  large  sheave  is  necessary  with  wire 
rope  to  prevent  sharp  bending.  Since  fiber  line 
has  greater  flexibility  and  pliability,  it  does  not 
require  a  sheave  as  large  as  does  the  same  size  of 
wire  rope. 

Blocks  fitted  with  one*  two,  three*  or  four 
sheaves  are  often  referred  to  as  single*  double, 
triple,  and  quadruple  blocks,  respectively. 
Blocks  are  fitted  with  a  varying  number  of 
attachments,  depending  upon  their  particular 
use*  Some  of  the  most  commonly  used  fittings 
are  hooks,  shackles,  eyes,  and  rings. 

The  function  of  the  block  or  blocks  in  a 
tackle  assembly  is  to  change  the  direction  of  pull 
or  provide  mechanical  advantage  or  both*  The 
name  and  location  of  the  principal  parts  of  a 
fiber  line  block  are  shown  in  figure  5-17. 

The  FRAME  (or  SHELL!,  made  of  wood  or 
metaL  houses  the  sheaves. 

The  SHEAVE  is  a  round,  groove'd  wheel  over 
which  the  line  runs.  Ordinarily,  blocks  used  in 
your  work  will  have  one,  two,  three*  or  four 
sheaves.  Blocks  can  be  obtained,  of  course,  with 
more  than  this  number  of  sheaves,  blocks  have 
been  made  with  as  many  as  1 1  sheaves. 

The  CHEfcKS  are  the  portions  of  the  shell 
enclosing  the  sheaves. 
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Figure  5-1 7, -Nomenclature  of  a  fiber  ling  block. 


The  PIN  is  a  metal  axle  that  the  sheave  turns 
on.  It  runs  from  cheek  to  cheek  through  the 
middle  of  the  sheave. 

The  BECKET  is  a  metal  loop  formed  at  one 
or  both  ends  of  a  block;  the  standing  part  of  the 
line  is  fastened  to  this  part. 

The  STRAPS  (one  inner  and  one  outer  type) 
are  used  to  enclose  the  shell,  hold  the  block 
together,  and  support  the  pin  on  which  the 
sheaves  rotate. 

The  SWALLOW  is  the  opening  in  the  block 
through  which  the  line  passes.  * 

The  BREECH  is  the  part  of  the  block 
opposite  u  e  swallow, 

RATIO  OF  SIZE  OF  BLOCK  TO  SIZE 
OF  LINEORWIRE  USED 

The  size  of  fiber  line  blocks  is  designated  by 
the  length  in  inches  of  the  shell  or  cheek.  The 
size  of  standard  wire  rope  blocks  is  controlled 
by  the  diameter  of  the  rope.  With  nonstandard 
and  special-purpose  wire  rope  blocks,  the  size  is 
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determined  by  measuring  the  diameter  of  one  of 
its  sheaves  in  inches. 

Make  sure  you  exercise  care  in  selecting  the 
proper  size  line  or  wire  for  the  block  to  be  used. 
If  a  fiber  line  is  reeved  on  to  a  tackle  whose 
sheaves  are  below  3  certain  minimum  diameter* 
the  line  will  be  distorted  and  will  wear  badly  in  a 
very  short  time.  A  wire  rope  too  large  for  a 
sheave  will  have  a  tendency  to  be  pinched, 
causing  damage  to  the  sheave.  The  wire  also  will 
be  damaged  because  of  too  short  a  radius  of 
bend.  A  wire  rope  too  small  for  a  sheave  lacks 
the  necessary  bearing  surface,  thus  plating  the 
strain  on  only  a  few  strands  and  shortening  the 
life  of  the  wire. 

With  fiber  line,  the  length  of  the  block  used 
should  be  about  three  times  the  circumference 
of  the  line.  However,  an  in.  or  so  either  way 
doesn't  matter  too  much,  for  example,  a  3-in. 
line  may  be  reeved  on  to  an  8-in  block  with  no 


ill  effects.  As  a  rule,  you  are  more  likely  to 
know  the  block  size  than  you  are  the  sheave 
diameter.  However,  it  may  be  said  that  the 
sheave  diameter  should  be  about  twice  the  size 
of  ihe  circumference  of  the  line  used. 

Manufacturers  of  wire  issue  tables  which  give 
tne  proper  sheave  diameters  to  be  used  with  the 
various  types  aiid  sizes  of  wire  they 
manufacture.  In  the  absence  of  these*  a  rough 
rule  of  thumb  is  that  the  sheave  diameter  should 
be  about  20  times  the  diameter  of  the  wire. 
Remember  t)iat  with  wire,  it  is  DIAMETER 
rather  than  circumference,  and  that  this  rule 
refers  to  the  diameter  of  the  SHEAVE  rather 
than  the  size  of  the  block  as  with  line. 

SNATCH  BLOCKS  AND  FAIR-LEADS 

A  snatch  block  <fig*  5-18;  is  a  singie  sheave 
block  made  so  that  the  shell  cpens  on  one  side 
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Fmura  5~16.-ToP  deadand  snatch  blocks. 
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Figure  5-19,-Movmg  a  heavy  object  horizontally  along  a  floor  with  limited  acca«  using  snatch  blofcks  and  fair  load 


at  the  base  of  the  hook  to  permit  a  rope  or  line 
to  be  slipped  over  a  sheave  without  threading 
the  end  of  it  through  the  block.  Snatch  blocks 
ordinarily  are  used  where  it  is  necessary  to 
change  the  direction  of  the  pull  on  a  line.  Figure 
5-19  shows  a  system  of  moving  a  heavy  object 
horizon  ally  away  from  the  power  source  using 
snatch  blocks,  this  is  an  ideal  way  to  move 
objects  in  limited  spaces.  You  will  note  that  the 
weight  is  pulled  by  a  single  !uff  tackle  which  has 
a  mechanical  advantage  of  3,  By  adding  snatch 
blocks  to  3  rigging  to  change  the  direction  of 
pull,  the  mechanical  advantage  is  NOT  affected. 
Therefore,  it  would  be  wise  to  select  the  proper 
rigging  system  to  he  used,  based  upon  the  weight 


of  the  object  and  theUypo-arfd  capacity  of  the 
power  that  is  ay^jJabltTThe  snatch  block  that  is 
used  as  the^fSst  block  in  the  direction  of  pull  to 
the  pow^r  source  is  called  the  leading  block 
This  bkfck  may  be  placed  in  any  convenient 
location  provided  it  is  within  20  drum  widths  of 
tile  power  source.  This  is  required  because  the 
fairtead  angle  or  fleet  angle  cannot  exceed  2 
degrees  from  the  centcrline  of  the  drum 
Therefore,  the  20  drum  widths  distance  from 
!  the  g&wer  source  to  the  leading  block  will  assure 
\>h£  fair-lead  angle  If  the  fair-lead  angle  is  not 
maintained,  the  line  could  jumo  the  sheave  of 
the  leading  block  and  cause  the  ne  on  the  reel 
to  jump  a  nding  turn 


I  d< 
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TYPES  OF  TACKLE 

Tackles  are  designated  according  to  (1)  the 
number  of  sheaves  in  the  blocks  that  are  used  to 
make  the  tackle,  such  as  single  whip  or  twofold 
purchase;  or  (2)  the  purpose  for  which  the 
tackle  is  used,  such  as  yard  tackles  or  stay 
tackles.  In  this  section,  we  will  discuss  some  of 
the  different  types  of  tackle  in  common  use; 
namely,  single  whip,  runner,  gun  tackle,  single 
luff,  twofold  purchase,  double  luff,  and 
threefold  purchase.  Before  proceeding,  we 
should  explain  that  the  purpose  of  the  numbers 
and  arrows  in  figures  5*20  through  5*26  is  to 
indicate  the  sequence  and  direction  in  which  the 
standing  part  of  the  fall  is  led  in  reeving.  You 
may  want  to  refer  back  to  these  illustrations 
when  we  take  up  the  reeving  of  blocks  in  the 
following  sections. 

A  SINGLE  WHIP  tackle  consists  of  one 
single  sheave  block  f  tail ^  block)  fixed  to  a 
support  with  a  rope  passing  over  the  sheavfc,  (See 
fig,  5-20.)  It  has  a  mechanical  advantage  of  1, 


2fl,1S7 

Figure  5-20,—  Single  whip  and  runner  tackle. 
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Figure  5*21,— Gun  tackle. 


and  if  a  100-lb  load  were  to  be  lifted;  it  would 
require  a  pull  of  100  Jb  plus  an  allowance  for 
friction, 

A  RUNNER  (fig.  5-20)  is  a  single-sheave 
movable  block  that  is  free  to  move  along  the  line 
on  which  if  is  reeved.  It  has  a  mechanical 
advantage  of  2* 

A  GUN  TACKLE  is  made  up  of  two  single 
sheave  blocks  (fig,  5-21),  This  tackle  got  its 
name  in  the  old  days  because  it  was'used  to  haul 
muzzle-loading  guns  back  into  the  battery  after 
the  guns  had  been  fired  and  reloaded, 

A  gun  tackle  has  a  mechanical  advantage  of 
2.  To  lift  a  2004b  load  with  a  gun  tackle  would 
require  100  lb  of  power,  disregarding  friction. 
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By  inverting  any  tackle,  a  mechanical 
advantage  of  1  is  always  gained  because  the 
number  of  parts  at  \he  movable  block  is 
increased.  By  inverting  a  gun  tackle,  for 
example,  a  mechanical  advantage  of  3  is  attained 
(fig.  5-22).  When  a  tackle  is  inverted,  the 
direction  of  pull  is  difficult.  This  can  easily  be 
overcome  by  adding  a  snatch  block,  which 
changes  the  direction  of  the  pull,  but  does  not 
increase  the  mechanical  advantage. 

A  SINGLE  LUFF  TACKLE  consists  of  a 
double  and  i  single  block,  as  indicated  in  figure 
5-23.  This  type^ias  a  mechanical  advantage  of  3. 

A  TWOFOLD  PURCHASE  consists  of  tvo 
double  blocks,  as  illustrated  in  figure  5-24.  It  has 
a  mechanical  advantage  of  4. 

A  DOUBLE  LUFF  TACKLE  has  one  triple 
and  one  double  block.  (See  fig,  5-25,)  A 
mechanical  advantage  of  5  is  gained  by  using  this 
tackle. 

A  THREEFOLD  PURCHASE  consists  of 
two  triple  blocks  with  a  mechanical  advantage  o" 
6.  (See  fig-  5-26J 


29.137t127)C 
FiQtire  5'22.~inv*md  gun  tackle* 


REEVING  TACKLE 

lr  reeving  a  simple  tackle,  lay  the  blocks  a 
few  feet  apart.  The  blocks  should  be  placed 
down  with  the  sheaves  at  right  angles  to  each 
other  and  the  becket  ends  pointing  toward  each 
other. 

To  begin  reeving,  lead  the  standing  pari  of 
the  falls  through  one  sheave  of  the  block  wliich 
has  the  greatest  number  of  sheaves.  If  both 
blocks  have  the  same  number  of  sheaves,  begin 
at  the  block  fitted  with  the  becket.  Then  pass 
the  standing  part  around  the  sheaves  from  one 
block  to  the  other,  making  sure  no  lines  are 
crossed,  until  all  sheaves  have  a  line  passing  over 
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Figure  5-23,-Smgle  luff  tackle. 
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Ft9ure  S- 24, -Twofold  Pur  chaw. 


them.  Now  secure  the.standmg  part  of  tjie  falls 
at  the  becket  of  the  block  containing  the  least 
number  of  sheaves,  using  a  becket  hitch  for  a 
temporary  securing,  or  an  eye  splice  for  a 
permanent  securing. 

With  blocks  of  more  than  two  sheaves,  the 
standing  part  of  the  falls  should  be  led  through 
the  sheave  nearest  the  center  of  the  block.  This 
method  places  the  strain  on  the  center  of  the 
block  and  prevents  the  block  from  toppling  and 
the  lines  from  being  cut  by  rubbing  against  the 
edges  of  the  block. 

Falls  are  generally  reeved,  through  8-in.  or 
10-in.  wood  or  metal  blocks,  m  such  a  manner  as 
to  have  the  tower  block  at  right  angles  to  the 
upper.  Two  3-sheave  blocks  is  the  usual  arrange- 
ment, and  the  method  of  reeving  these  is 
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Figure  S-25. -Double  fuH  teckfa. 


29/I87F 


Figure  S-2&- Threefold  Pu  rebate. 
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Figure  5- 27, -Reaving  a  threefoki  purchase. 


shown  in  figure  5-27  The  hauling  pan  must  go 
through  ihe  middle  sheave  of  the  upper  block, 
or  the  block  will  tilt  to  the  side  and  the  fallsjam 
when  a  strain  is  taken. 

If  a  3-  and  2-sheave  block  ng  is  used,  the 
method  of  reeving  is  about  the  same  f  fig,  5-28K 
but  here  the  beeket  for  the  dead  end  must  be  on 
the  lower  rather  flian^hc  upper  block. 

Naturally  you  must  reeve  the  blocks  belore 
you  splice  in  the  beeket  thimble,  or  you  will 
have  to  reeve  the  entire  fall  througlgflYoiri  the 
opposite  end. 


MECHANICAL  ADVANTAGE 


The  mechanical  advantage  of  a  tackle  is  the 
term  applied  to  the  relationship  between  the 
load  being  lifted  and  the  power  required  to  lift 
it  If  the  load  and  the  power  required  to  lift  it  are 
the  same,  the  mechanical  advantage  is  one. 
However,  if  a  load  of  50  lb  requires  only  10  lb 
to  lift  it,  then  you  have  a  mechanical  advantage 
of  5  to  I .  or  5  units  o»  weight  arc  lifted  for  each 
unu  of  power  applied. 

The  easiest  way  'o  determine  the  mechanical 
advantage  of  a  tackle  is  by  (.ounJin^  the  nismlvr 
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Figure  5-28,— Reeving  a  double  luff  tackle. 


of  parts  of  the  falls  at  the  running  block.  If  there 
are  two  parts,  the  mechanical  advantage  is  two 
times  the  power  applied  (disregarding  friction)* 
A  gun  tackle,  for  instance,  has  a  mechanical 
advantage  of  2,  Therefore,  to  lift  a  200-lb  load 
with  a  gun  tackle  would  require  1001b  of 
power,  disregarding  friction, 

Toascertam  the  amount  of  power  required 
to  lift  a  given  load  by  means  ol  a  tackle, 
determine  the  weight  of  the  load  to  be  lifted  and 
divide. .  that  by  the  mechanical  advantage. 
Example  if  it  is  necessary  to  lift  a  6001b  load 
by  means  of  a  single  luff  tackle,  first  determine 
the  mechanKal  advantage  gained  by  using  this 
type  of  tackle.  Upon  examination,  it  is  found 
that  by  counting  the  parts  of  the  falls  at  the 
movable  block,  we  have  a  mechanical  advantage 
of  3,  Therefore,  by  dividing  the  weight  to  be 
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lifted,  6001b,  by  the  mechanical  advantage  in 
this  tackle,  3,  we  find  that  200  *b  of  power  is 
required  to  lift  a  weight  of  6001b  using  a  single 
luff  tackle. 

Remember  though,  a  certain  amount  of  the 
force  applied  to  a  lackle  is  lost  through  friction. 
Friction  will  develop  in  a  tackle  by  the  lines 
rubbing  against  each  other,  or  against  the  shell 
of  a  block.  Therefore,  an  adequate  allowance  for 
the  loss  due  to  friction  must  be  added.  Roughly, 
10  percent  of  the  load  must  be  allowed  for  each 
sheave  in  the  tackle. 

SAFE  WORKING  LOAD 
OF  A  TACKLE 

You  know  that  the  force  applied  at  the 
hauling  part  of  a  tackle  is  multiplied  as  many 
times  as  there  are  parts  of  the  fall  on  the 
movable  block;  aiso  that  an  allowance  for 
friction  must  be  made  wh'ch  adds  roughly  10 
percent  to  the  weight  to  be  lifted  for  etery 
sheave  in  the  system,  For  example,  if  you  are 
lifting  a  weight  of  100  lb  with  a  tackle 
containing  five  sheaves,  you  must  add  10 
percent  times  5,  or  50  percent,  of  100  lb  to  the 
weight  in  your  calculations.  In  othrr  words,  you 
figure  that  this  tackle  is  going  to  lift  1501b 
instead  of  100  lb, 

Disregarding  friction,  the  safe  working  load 
of  a  tackle  would  be  equal  to  the  safe  working 
load  of  the  line  or  wire  used,  multiplied  by  the 
number  of  parts  of  the  fall  on  the  movable 
block.  To  inak?  the  necessary  allowance  ior 
friction,  you  multiply  this  result  by  10,  and  then 
divide  what  you  get  by  10  plus  the  number  of 
sheaves  jn  the  system, 

Suppose  you  have  a  threefold  purchase,  a 
mechanical  advantage  of  6,  reeved  with  a  line 
whose  safe  working  load  is  2  tons.  Disregarding 
ffivTwn,  6  times  2,  or  12  tons  would  be  the  safe 
working  l^ad  oi  this  setup,  To  make  the 
nece^ary  allowance  for  friction*  however,  you 
first  multiply  12  by  10,  which  gives  you  120, 
This  you  divide  by  1 0  plus  6  f  num  ber  of  sheaves 
in  a  threefold  purchase),  or  16.  The  answei  is 
7!  2  tons,  safe  working  lo^d. 


u. 


LIFTING  A  GIVEN  WEIGHT  c 

To  find  the  size  of  fiber  line  required  to  lift 
a  given  load,  use  this  formula. 

C  (in  inches)  =yT5  xP(tons) 

C  in  the  formula  is  the  circumference,  in 
inches,  of  the  line  that  is  <rfe  to  use.  The 
number  15  is  the  conversion  factor.  P  h  the 
weight  of  the  given  load,  expressed  in  tons.  The 
radical  sign,  or  symbol,  over  15  x  P,  indicates 
that  you  are  to  find  the  SQUARE  ROOT  OF 
that  product.  ; 

To  square  a  number  means  to  multiply  that 
number  by  itself.  Finding  the  square  root  of  a 
number  simply  ,  means  finding  the  number 
which,  multiplied  by  itself,  will  give  you  the 
number  whose  square  root  you  are  seeking.  If 
you  do  not  understand  how  to  work  square 
roots,  refer  to  Mathematics.  Volume  I, 
NAVPERS  10069-C  Now  let  us  figure  what  size 
fiber  Ime  you  would  need  to  hoist  a  5-ton  load, 

C=N/TT73orv/TT 

The  number  which,  multiplied  by  itself, 
comes  nearest  to  75  is  8.6.  Therefore,  a  fiber 
line  8  1/2  in,  in  circumference  will  do  the  job. 

The  formula  for  finding  the  size  of  wire  rope 
required  to  lift  a  given  load  is 


Cfin  m,)  =\/2,5  x  PftonsJ 

Work  this  formula  in  the  manner  explained 
above  for  fiber  lin*;.  One  point  you  should  be 
careful  not  to  overlook  is  that  these  formulas 
call  for  the  ClRCUMF&RENCE  of  the  wire.  You 
are  used  to  talking  jbout  wire  rope  in  terms  of 
its  diameter,  so  remember  that  ^jrcumference  is 
about  3  times  the  diameter*  roughly  speaking. 
You  can  also  determine  circumference  by  the 
following  formula,  vhich  is  more  accurate  than 
the  rule  of  thumK  Circumference  =  diameter 
times  Pi  In  u>ing  this  formula,  remember 
that  it  equals  3,14. 
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SIZE  OF  LINE  TO  USE 
iN  A  TACKLE 

To  find  the  size  of  line  to  use  in  a  tackle  for 
a  given  load,  add  one-tenth  (10  percent  for 
friction)  of  its  value  to  the  weight  to  be  hoisted 
for  every  sheave  in  the  system.  Divide  the  result 
you  get  by  the  number  of  parts  of  the  fall  at  the 
movable  block,  and  use  this  result  as  P  in  the 
formula  C  =  ^  1 5  x  P. 

For  example,  let  s  say  you  are  trying  to  find 
the  size  of  fiber  line  to  reeve  in  a  threefold 
purchase  to  lift  10  tons.  There  are  six  sheaves  in 
a  threefold  purchase*  so  you  add  1/1 0  by  6,  or 
6/10  of  10,  to  the  10  tons.  This  gives  you  a 
theoretical  weight  to  be  lifted  of  16  ton" 

Divide  16  tons  by  6  (number  of  parts  on  the 
movable  block  in  a  threefold  purchase),  and  you 
get  about  2  2/3.  Using  this  as  P  in  the  formula 
C  =  >/liTxT,  you  get 

The  square  root  of  40  is  about  6.3,  so  jt  will 
take  about  a  6  1/2 m*  line  in  this  purchase  to 
hoist  10  tons  safely.  As  you  seldom  find 
three-sheave  blocks  which  wilj  take  a  line  as 
large  as  6  1/J  in.,  you  will  probably  have  to  rig 
two  threefold  purchases  with  a  continuous  fall, 
as  shown  in  figure  5-29.  As  each  of  these  will 
have  half  the  load,  to  find  the  size  of  line  to  use, 
calculate  what  sue  fiber  line  in  a  threefold 
purchase  will  lift  5  tons,  It  works  out  to  about 
4  1,2  m 

TACKLE  SAFETY  PRECAUTIONS 

In  hoisting  and  moving  heavy  objects,  usin# 
blocks  and  tackle,  you  must  keep  SAFETY 
uppermost  in  your  mind;  tins  includes  safety  for 
erewmembers  and  material. 

Always  che^k  the  condition  of  blocks  and 
dicaves  before  using  them  on  a  job  to  make  sure 
they  are  in  safe  working  order.  See  that  the 
blocks  are  properly  greased.  Also  make  sure 
that  the  line  and  sheave  are  the  right  size  for  the 
job 
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Figura  5- 29. -Rigging  two  tackle*  with  a  continuous  fait. 


Remembei  that  sheaves  or  drums  which  have 
become  worn  or  chipped  or  have  corrugated 
grooves  must  not  be  used  because  Uiey  will 
injure  the  line.  It  is  important  to  make  sure  the 
mechanical  advantage  is  great  enough  to  make 
the  load  as  easy  to  handle  as  possible, 

Sheaves  and  blocks  designed  for  use  with 
fiber  line  must  NOT  be  used  for  wire  rope*  since 
they  are  not  strong  enough  for  that  service  and 
the  wire  rope  (Iocs  not  fit  the  sheave  grooves. 
Moreover,  sheaves  and  blocks  built  for  wire  rope 
should  NEVLR  be  used  for  fiber  line. 


SHEAR  LEGS 

Tht  SllhAR  LEGS  is  formed  by  crossing 
two  timbers,  poles,  planks,  pipes*  or  steel  bars 
and  lashing  or  bolting  them  together  near  the 
top.  A  sling  h  suspended  from  the  lashed 
intersection  and  is  used  as  a  means  of  supporting 
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Figure  5-30.— Shear  legs. 


the  load  tackle  system.  (See  fig,  5-30.)  In 
addition  to  the  name  SHEAR  LEGS*  this  rig 
often  is  referred  to  simply  as  a  SHEARS,  (It  has 
also  been  called  an  A-frame,) 

The  shear  legs  is  used  to  lift  heavy 
machinery  and  otiier  bulky  objects.  It  may  also 
be  used  as  end  supports  of  a  cableway  and 
highline.  The  fact  that  the  shears  can  be  quickly 
assembled  and  erected  is  a  major  reason  why  it  is 
used  in  field  work. 

A  shears  requires  only  two  guy  lines  and  can 
be  used  for  working  at  a  forward  angle.  The 
forward  guy  does  not  have  much  strain  imposed 
on  it  during  hoisting.  This  guy  is  used  primarily 
as  an  aid  in  adjusting  the  drift  of  the  shears  and 
in  keeping  the  top  of  the  rig  steady  in  hoisting  or 
placing  a  load.  The  after  guy  is  a  very  important 
part  of  the  shears'  rigging,  as  it  is  under 
considerable  strain  when  hoisting.  It  should  be 
designed  for  a  strength  equal  to  one-haJf  the 
load  to  be  lifted.  The  same  principles  for  thrust 
on  the  spars  or  poles  apply;  that  is,  the  thrust 
increases  drastically  as  the  shear  legs  go  off  the 
perpendicular* 


RIGGING 

In  rigging  the  shears,  place  your  two  spars  on 
the  ground  parallel  to  each  other  and  with  their 
butt  ends  evan.  Next,  put  a  large  block  of  wood 
under  the  tops  of  the  legs  just  below  the  point 
of  lashing,  and  place  a  small  block  of  wood 
between  the  tops  at  the  same  point  to  facilitate 
handling  of  the  lashing.  Now  separate  the  poles  a 
distance  equal  to  about  one-third  the  diameter 
of  one  pole. 

As  lashing  material,  use  18-  or  2t-thread 
small  stuff.  In  applying  the  lashing,  first  make  a 
clove  hitch  around  one  of  the  legs.  Then  take 
about  8  or  9  turns  around  both  legs  above  the 
hitch,  working  towards  the  top  of  the  legs. 
Remember  to  wrap  iiie  turn*  tightly  so  that  the 
finished  lashing  will  be  smooth  and  free  of 
kinks.  To  apply  the  frapphig  (tight  lashings), 
make  2  or  3  turns  around  the  lashing  between 
the  legs;  then,  with  ^  clove  hitch,  secure  the  end 
of  the  line  to  the  other  legjust  below  the  lashing 
(fig.  5-30). 

Now,  cross  the  legs  of  the  shears  at  the  top 
and  separate  the  butt  ends  of  the  two  legs  so 
that  the  spread  between  them  is  equal  to 
one-half  the  heiglri  of  the  shears.  Dig  shallow 
holes,  about  I  foot  (30  cm)  deep,  at  the  butt 
end  of  each  leg.  The  butts  of  the  le^  should  be 
placed  in  these  holes  in  erecting  the  shears. 
Placing  the  legs  in  the  holes  will  keep  them  from 
kicking  out  in  operations  where  the  shears  is  at 
an  angle  other  than  vertical. 

The  next  step  is  to  form  the  sling  for  the 
hoisting  falls.  To  do  this,  take  a  short  length  of 
line,  pass  it  a  sufficient  number  of  times  over  the 
cross  at  the  top  of  the  shears,  g-nd  tie  the  ends 
together. 

Now,  reeve  a  set  of  blocks  and  place  the 
hook  of  the  upper  block  through  the  sling;  then 
secure  the  hook  by  mousing  the  open  section  of 
the  hook  with  rope  yarr  to  keep  it  from  slipping 
off  the  sling.  Fasten  a  snatch  block  to  the  lowe** 
part  of  one  of  the  legs,  as  indicated  in  figure 
5-30, 

If  you  need  to  move  the  load  horizontally 

by  moving  the  head  of  the  shears,  you  must  ng  a 

tackle  in  the  after  guy-near  its  anchorage. 

j 
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The  guys-one  forward  guy  and  one  after 
guy-are  secured  next  to  the  top  of  the  shears. 
Secure  the  forward  guy  to  the  rear  leg  and  the 
after  guy  to  the  front  teg,  using  a  clove  hitch  in 
both  instances.  (See  fig.  5-30,) 


ER£CTJNG 


raised,  lash  the  butt  ends  with  chain,  line,  or 
boards  to  keep  them  from  spreading  when  a  load 
is  applied. 


SAFE  WORKING  LOAD 
OF  SHEAR  LEGS 


Several  persons  are  needed  for  safe,  efficient 
erection  of  the  shears,  the  number  being 
determined  largely  by  the  size  of  the  rig.  To  help 
insure  good  results,  the  erection  crew  should  lift 
the  top  of  the  frame  and  walk  it  up  by  hand 
until  the  after  guy  tackle  system  takes  over  the 
load.  When  this  point  is  reached,  complete  the 
raising  of  the  shears  into  final  position  by 
hauling  in  on  the  tackle. 

Remember  to  secure  the  forward  guy  to  its 
anchorage  before  raising  the  legs  and  maintain  a 
slight  tension  on  the  line  to  control  the 
movement.  Also,  after  the  shears  has  been 


Overloading  shear  legs  poses  a  serious  threat 
to  the  safety  of  personnel,  not  to  mention  the 
damage  and  loss  of  the  material  being  lifted.  To 
help  avoid  this  problem,  a  study  of  table  5*1  will 
show  that  the  load-carrying  capacities  vary  with 
the  length  and  size  of  timbers  used  in  the 
construction  of  shear  legs. 


TRIPODS 

A  tripod  consists  of  three  legs  of  equal 
length,  which  are  lashed  together  at  the  top. 


Tabta  5*1*—  Load  Carrying  Capacities  of  Shear  Leg*  and  TMpodt 


Working 

Working 

Capacity 

Capacity 

Pole  Size  (inches) 

Length  (feet) 

(tons) 

(tons) 

Shear  Legs 

Tripods 

(2)  poles 

(3)  poles 

6x6  

f~  20 

]  15 
(—  30 

8 
5 
3 

13 

n 

t 

5 

r  25 

12 

18 

8x8  

{  30 

8 

13 

/  40 

5 

7 

( —  50 

3 

5 

(  20 

35 

52 

)  25 

26 

39 

iOx  10  

<  30 

17 

26 

/  40 

10 

15 

(   50 

7 

10 

12x12  

{  30 

35 

52 

<  40 

21 

31 

/  50 

14 

2! 

1  60 

10 

15 
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Figure  &*31,-TTiPod* 


(See  fig  5-3 U  The  legs  are  generally  made  of 
timber  poles  or  pipes.  Materials  used  for  lashing 
include  fiber  line,  wire  rope,  and  chain,  M:tal 
rings  joined  with  short  chain  sections  are  also 
available  for  insertion  over  the  top  of  tne  tripod 
legs. 

The  fact  that  the  tripod  can  onJy  be  used 
where  hoisting  is  vertical  places  it  at  a  distinct 
disadvantage  in  comparison  with  other  hoisting 
devices*  Its  use  will  be  limited  primarily  to  jobs 
(hat  involve  hoisting  over  wells,  mine  shafts,  or 
other  such  excavations,  A  m^jor  advantage  of 
the  tripod  is  its  great  stability.  In  addition,  it 
requires  no  guys  or  anchorages,  and  its  load 
capacity  is  approximately  one-third  greater  than 


shears  made  of  the  same  size  timbers,  (See  table 
5-1,) 

RIGGING 

The  strength  of  a  tripod  depends  largely  on 
the  strength  of  the  material  used  for  lashing,  as 
well  as  the  amount  of  lashing  used.  The 
following  procedure  for  lasliing  applies  to  a  line 

3  in,  in  circumference  or  smaller.  For  extra 
heavy  loads,  use  more  turns  than  specified  in  the 
procedure  given  here;  for  ligh*  loads,  use  fewer 
turns  than  specified  here, 

\s  the  first  step  of  the  procedure,  take  three 
spars  of  equal  length  and  place  a  mark  near  Mie 
top  of  each  to  indicate  the  center  of  the  lashing. 
Now,  lay  two  of  the  spars  parallel  with  their 
TOPS  resting  on  a  skid  (or  block).  Place  the 
third  spar  between  the  two,  with  the  BUTT  end 
resting  on  a  skid.  Position  the  spars  so  that  the 
lasliing  marks  on  all  three  are  in  line.  Leave  an 
interval  between  the  spars  equal  to  about 
one-half  the  diameter  of  the  spars,  Tliis  will  keep 
the  lashing  from  being  drawn  too  tight  when  the 
tripod  is  erected. 

With  the  3-rn,  line,  make  a  clove  hitch 
around  one  of  the  outside  spars;  put  it  about 

4  in,  above  the  lasliing  mark.  Then  make  8  or  9 
turns  with  the  line  around  all  three  spars,  (See 
view  A,  fig,  5-32 J  *i  making  the  turns, 
remember  to  maintain  the  proper  amount  of 
space  between  the  spars, 

*  Now,  make  1  or  2  close  frapping  turns 
around  the  lashing  between  each  pair  of  spars. 
Do  not  draw  the  turns  too  tight.  Finally,  secure 
the  end  of  the  line  with  a  clove  hitch  on  the 
center  spar  just  above  the  lashing,  as  shown  at  A, 
figure  5-32, 

There  is  another  method  of  lasliing  a  tripod 
which  you  may  find  preferable  to  the  method 
just  given.  It  may  be  used  in  lasliing  slender 
poles  up  to  20  ft  in  length,  or  when  some  means 
other  than  hand  power  is  available  for  erection. 

First,  place  the  three  spars  paralb!  to  each 
other,  leaving  an  interval  between  them  slightly 
greater  than  twice  the  diameter  of  tile  line  to  be 
used.  Rest  the  top  of  each  pole  on  a  skid  so  that 
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Figure  6*32,— Lathings  for  a  tripod. 


the  end  projects  about  2  ft  over  the  skid.  Then, 
line  up  the  butts  of  the  three  spars,  as  indicated 
at  B,  figure  5*32. 

Next,  make  a  clove  hitch  on  one  outside  leg 
at  the  bottom  of  the  position  the  lashing  wtli 


occupy,  which  is  about  2  ft  from  the  end.  Now, 
proceed  to  weave  the  line  over  the  middle  leg, 
under  and  around  the  other  outside  leg,  under 
the  middle  leg,  over  and  around  the  first  leg,  and 
so  forth,  until  completing  about  8  or  9  turns. 
Finish  the  lashing  by  forming  a  clove  hitch  on 
the  other  outside  leg  (view  B,  fig.  5*32), 

ERECTING 

hi  the  final  position  of  an  erected  iripod,  it 
is  important  that  the  legs  be  spread  an  equal 
distance  apart.  The  spread  between  legs  must  be 
not  more  than  two-thirds,  nor  less  than  one-naif, 
the  length  of  a  leg.  Small  tripods,  or  those  lashed 
according  to  the  first  procedure  given  in  the 
preceding  section,  may  be  raised  by  hand.  Here 
are  the  main  steps  which  make  up  the 
hand-erection  procedure. 

Start  by  raising  the  top  ends  of  the  three  legs 
about  4  ft,  keeping  the  butt  ends  of  the  legs  on 
the  ground.  Now,  cross  the  tops  of  the  two 
outer  legs  and  position  the  top  of  the  third  or 
center  leg  so  that  it  rests  on  top  of  the  cross, 

A  sling  for  the  hoisting  tackle  can  be 
attached  readily  by  first  passing  the  sling  over 
the  center  leg,  and  the:,  around  the  two  outer 
legs  at  the  cross.  Place  the  hook  of  the  upper 
block  of  a  tackle  on  the  sling,  and  secure  the 
hook  by  mousing. 

The  raising  operation  can  now  be  completed. 
To  raise  an  ordinary  tripod,  a  crew  of  about 
eight  may  be  required.  As  the  tripod  is  being 
lifted,  spread  the  legs  so  that  when  it  is  in  the 
upright  position  the  legs  will  be  spread  the 
proper  distance  apart.  After  getting  the  tripod  in 
its  final  position,  lash  the  legs  near  the  bottom 
with  line  or  chain  to  keep  them  from  shifting 
(fig,  5-31). 

Where  desirable,  a  leading  block  for  the 
hauling  part  of  the  tackle  may  be  lashed  to  one 
of  the  tripod  jegs,  as  indicated  in  figure  5*31 

hi  erecting  a  large  tripod,  you  may  need  a 
small  gin  pole  to  aid  in  raising  the  tripod  into 
position.  When  called  on  to  assist  in  the  erection 
of  a  tripod  lashed  according  to  tKe  first  lashing 
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procedure  described  in  the  preceding  section, 
the  first  thing  to  do  is  to  raise  the  tops  of  the 
legs  far  enough  from  the  ground  to  permit 
spreading  them  apart.  Use  guys  or  tag  lines  to 
help  hold  the  legs  steady  while  they  are  being 
raised.  Now,  with  the  legs  clear  of  the  ground, 
cross  the  two  outer  legs  and  place  the  center  leg 
so  that  it  rests  on  top  of  the  cross.  Then  attach 
the  sling  for  the  hoisting  tackle.  Here,  as  with  a 
small  tripod*  simply  pass  the  sling  over  the 
center  leg  and  then  around  the  two  outer  legs  at 
the  cross* 


LADDERS 

A  sufficient  supply  of  ladders,  as  indicated 
by  the  nature  of  the  work,  must  be  provided  at 
the  site  before  construction  can  begin.  However, 
the  use  of  ladders  where  scaffolds,  platforms,  or 
other  substantial  working  levels  could  have  been 
provided,  has  caused  many  serious  accidents. 
Any  work  performed  on  ladders  should  be 
confined  to  a  minimum. 

TYPES  OF  LADDERS 

A  number  of  different  types  of  ladders  are 
available  in  construction  today.  Among  the 
various  types  which  you  may  use  frequently  for 
construction  work  are  single  portable  ladders* 
extension  ladders*  fixed  ladders,  and  stepladders. 
Ladders  are  designed  with  safety  in  mind*  and  a 
safe  workirg  load  factor  lias  been  established  by 
the  manufacturer  and  is  normally  shovn  on  the 
ladders.  These  ladders  are  usually  designed  for 
an  approximate  2501b  load  plus  a^rfafety  factor 
of  4  or  its  ultimate  load  capacity  of  1,000  lb. 

A  SINGLE  PORTABLE  ladder  is  a  ladder  of 
one  section  which  may  be  used  at  various 
locations.  This  type  should  not  exceed  30  ft  in 
length.  In  the  placement  of  a  ladder,  careful 
consideration  must  be  given  for  placing  it  at  a 
safe  angle  against  the  wall  or  other  fixed  object 
to  be  scaled,  Figure  5-33  illustrates  the  correct 
positioning  of  a  single  portable  construction 
ladder.  Unless  the  ladder  is  securely  fastened  or 
someone  is  holding  it,  the  base  should  be 
one*fourth  the  ladder  length  from  the  vertical 
plane  of  the  top  support.  Where  the  rails  extend 
above  the  top  landing,  the  ladder  length  to  the 
top  support  only  h  considered. 
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Figure  5-33.-Correct  angles  for  (adder  placement* 


The  clearance  space  IN  BACK  of  a  single 
portable  ladder  should  always  be  sufficient  to 
obtain  a  secure  foothold  on  the  rungs.  A  back 
clearance  of  at  least  6  in,  is  recommended.  The 
clearance  space  IN  FRONT  of  the  ladder  should 
be  such  that  it  will  not  be  necessary  to  assume  a 
cramped  or  unnatural  position  when  climbing,  A 
front  clearance  of  at  least  30  in,  is 
recommended. 

If  a  portable  ladder  is  to  be  used  on  smooth 
floors*  concrete  walks,  or  sloping  surfaces,  make 
sure  it  is  equipped  with  a  nonslip  base  or  that 
other  suitable  means  is  provided  to  prevent 
displacement  while  in  use.  Single  portable 
laf''c?rs  not  constricted  for  use  as  sectional 
lauders  must  not  be  spliced  together  to  lorm  a 
longer  ladder. 

An  EXTENSION  ladder  is  one  consisting  of 
two  sliding  sections  which  can  be  adjusted  to 
different  heights.  No  extension  ladder  may 
contain  more  than  two  sections,  nor  may  it  be 
extended  to  more  than  60  ft.  An  extension 
ladder  must  be  constructed  to  bnng  the  RUNGS 
(horizontal  members)  of  overlapping  parts  of 
sections  opposite  , each  other  when  the  ladder  js 
locked  in  extended  position.  Again*  when  an 
extended  ladder  is  placed  in  position  for  use,  the 
horizontal  distance  from  the  vertical  plane  of 
the  upper  support  to  the  base  should  be 
one-fourth  of  the  ladder  length. 

For  extension  lengths  up  to  38  ft  the 
minimum  section  overlap  should  be  3  ft;  for 
lengths  from  38  to  44  ft  it  should  be  4  ft,  and 
for  lengths  from  44  to  60  ft  it  should  be  5  ft. 
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Most  requirements  for  a  ladder  are  satisfied 
with  the  single  portable  and  extension  types. 
However,  the  fixed  ladder  and  the  stepiadder 
may  be  required  under  certain  conditions. 

A  FIXED  ladder  is  one  which  is  fastened  to 
a  structure  in  a  more  or  less  permanent  manner. 
Top,  bottom,  and  intermediate  fastenings  must 
be  used  as  required.  The  RAILS  (vertical 
members)  of  a  fixed  ladder  must  extend  at  least 
36  in.  above  the  top  landing.  If  the  landing  at 
the  top  requires  passing  between  the  rails*  rungs 
ahove  the  landing  must  be  removed* 

A  STEPLADDER  is  a  portable  ladder  which 
opens  out,  saw  horse-  fashion ,  for  self-support. 
The  maximum  permissible  height  for  a  step- 
ladder  is  16  ft.  Stepladders  must  always  be  used 
fully  opened,  ^nd  they  should  not  be  used  as 
regular  working  platforms. 

LADDER  SAFETY 

Here  are  a  few  important  safety  precautions 
which  apply  to  ladders  in  general. 

Ladders  should  be  inspected  at  regular  and 
frequent  intervals.  Ladders  with  weakened* 
broken,  or  missing  treads,  rungs,  or  cleats*  or 
broken  or  "splintered**  side  rails  should  not  be 
used- 

Ladders  should  be  kept  coated  with  a  clear 
shellac  or  other  transparent  material,  or  treated 
with  linseed  oil  Painting  with  opaque 
(non  transparent)  paint  is  forbidden. 

Separate  ladders  for  ascending  and 
descending  should  be  provided  in  building 
construction  of  more  than  2  stories  in  height,  or 
where  traffic  is  heavy. 

Where  a  ladder  is  installed  wide  enough  to 
permit  traffic  in  bGth  directions  at  the  same 
time,  a  center  rail  should  be  provided.  One  side 
of  the  ladder  should  be  plainly  marked  '"up14  and 
the  other  sioe  "down**. 

Ladders  used  in  passageways,  driveways,  or 
thoroughfares  should  be  guarded  by  barricades 
(guardrails).  Doors  which  open  adjacent  to 
portable  ladders  should  be  locked  or  otherwise 
blocked  or  guarded  while  the  ladder  remains  in 
use- 

Ladders  should  be  placed  so  that  the  rails 
have  a  secure  footing  and  a  substantial  support 
at  or  near  the  top. 


Ladders  should  not  be  placed  against  sash, 
window  panes,  or  unstable  supports  such  as 
loose  boxes  or  barrels.  The  use  of  ladders  during 
a  storm  or  in  a  high  wind  should  be  avoided 
unless  absolutely  necessary,  in  which  case  the 
ladder  should  be  securely  lashed  in  position. 

If  a  ladder  is  to  be  placed  against  a  window 
frame,  a  board  should  first  be  spiked  across  the 
side  rails  at  the  top. 

Ladders  should  not  normally  be  placed  or 
used  in  elevator  shafts  or  hoistways*  Should  sucli 
a  procedure  be  necessary,  the  ladders  shoyjd  be 
protected  from  objects  from  operation  at  higher 
elevations  in  or  adjoining  the  shaft. 

Ladders  should  not  be  left  standing, 
especially  on  the  outside,  for  long  periods  of 
time  unless  securely  anchored  at  both  top  and 
bottom. 

Ladders  should  be  handled  carefully  when 
being  lowered.  They  should  not  be  allowed  to 
drop  on  their  sides  or  to  fall  heavily  endwise  on 
one  rail. 

Ladders  constructed  of  metal  should  not  be 
used  near  electricity. 

Until  such  time  as  satisfactory  specification 
for  portable  metal  ladders  approved  by  the  Navy 
Department  is  issued,  the  use  of  such  ladders  is 
not  recommended.  These  ladders  should  not  be 
used  within  4  ft  of  any  electrical  wiring-  or 
equipment.  All  portable  metal  ladders  should  be 
marked  with  signs  or  decals  reading 
CAUTION-DO  NOT  USE  NEAR  ELEC- 
TRICAL EQUIPMENT.  Such  signs  should 
be  placed  on  thu  inside  rails  between  the  third 
and  fourth  rungs. 

When  ascending  or  descending  a  ladder,  the 
user  should  always  face  the  ladder. 

No  one  should  go  up  or  down  a  (adder 
without  the  free  use  of  both  hands.  If  handling 
material,  a  rope  should  be  used. 

No  one  should  run  up  or  down  a  ladder,  or 
slide  down  a  ladder,  at  any  time. 

Before  attempting  to  climb  a  ladder,  crew- 
members  should  remove  oil  or  grease  from  the 
soies  of  their  shoes. 

When  doing  maintenance  work  above  the 
ground,  crewmembers  should  always  wear  a 
safety  belt,  with  a  lifeline  long  enough  for 
necessary  movement,  but  short  enough  to 
prevent  falls. 

5-27 


17  U 


BUILDER  3  &  2 


118.37 

Figure  5 -34, -Making  s  tcaffold  hitch. 


Single  portable  ladders  over  30  ft  in  length 
should  not  be  used. 

Fixed  ladders  should  be  securely  held  in 
place  by  top,  bottom,  and  intermediate 
fastenings  as  required. 

Sloping  ladders  which  require  climbing  on 
the  underside  of  the  ladder  should  not  be  used. 

Rails  of  ladders  fixed  to  tup  landing  should 
extend  a  distance  of  at  least  36  in,  above  the 
landing.  Rungs  above  the  landing  should  be 
omitted  when  it  is  necessary  to  pass  through  the 
ladder*  Landing  platforms  should  be  provided 
where  a  person  must  step  a  greater  distance  than 
14  in.  from  the  ladder  to  roof,  tank,  etc. 


SCAFFOLDING 

As  the  working  level  of  a  structure  rises 
above  the  reach  of  crewmcmberson  the  ground, 
temporary  elevated  platforms  called  SCAF- 
FOLDING are  erected  to  support  the  crew- 
members,  their  tools,  and  materials. 

There  are  two  types  of  scaffolding  in  use 
tcday  wood  and  prefabricated.  The  wood  types 


inciude  the  swinging  scaffold  which  is  suspended 
from  above,  and  the  pole  scaffold  fcNch  is 
supported  on  the  ground.  The  prefabricated 
type  is  made  of  metal  and  is  put  together  in 
sections  as  needed* 


SWINGING  SCAFFOLD 
CONSTRUCTION 


The  simplest  type  of  swinfing  scaffold  is  one 
which  consists  simply  of  a  stout  plank 
(minimum  thickness  2  in.)  with  a  couple  of 
transverse  HORNS  nailed  or  boi:ed  to  she 
underside,  near  the  ends.  The  stage  hangs  from  a 
couple  of  lines,  (minimum  size,  2  in,)  which  lead 
up  and  over  or  through  some  supporting  device 
(such  a£  a  pair  of  shackles  secured  to  outriggers 
at  the  roof  line)  and  back  to  the  stage. 

Figure  5-34  shows  the  method  of  bending  a 
bowline  to  a  stage  by  means  of  a  SCAFFOLD 
HITCH.  A  stage  provides  a  convenient  means  for 
working  down  from  upward  (painting  down  a 
wall  from  roof  line  to  ground  level,  for 
instance),  but  since  you  can't  hoist  yourself 
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Figure  5 -35. -Swinging  scaffold. 
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aloft  on  a  stage,  it's  no  good  for  working  from 
down  upward. 

When  the  rig  shown  in  figure  5-35  is  hooked 
to  the  tackles,  you  can  move  up  or  down  at  will, 
simply  by  heaving  in  or  slacking  out  on  the 
tackles*  The  two  projecting  timbers  to  which  the 
tackles  will  be  attached  are  called  OUT- 
RIGGERS, 


POLE  SCAFFOLD 
CONSTRUCTION 

The  poles  on  a  job-built  pole  scaffold  should 
not  exceed  40  ft  in  height.  If  higher  poles  than 
this  are  required,  the  scaffolding  must  be 
designed  by  an  engineer-  (See  figs.  5-36,  5-37, 
anf*  5-38,) 


notched  searing 
block  supporting 
End  of  putlog 


2*  J  GUAR?  f?AU_ 


Fipura  5- 3 6. -Single  pole  scaffolding. 
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Figure  5-38. -Diagonal  bracing  shown  for  doublo  pole  or  independent  pole  tc  Holding* 
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For  a  light-duty  Uiot  over  25  lb  per  sq  ft) 
scaffold,  either  single-pole  or  double-pole*  the 
minimum  lumber  dimmsims  arc  as  follows 

Poles:  24  ft  or  less,  2  by  4,  24  ii  to 

40  ft,  2  by  6 

Putlogs  -    2  by  6  on  edge 


Ledgers: 
Braces: 
P;  inking; 


2  by  6 

1  by  4 

2  by  10 


For  a  heavy-duty  (25  to  751b  per  sq  ft) 
wngie-pole  scaffold  the  minimum  dimensions  are 
as  follows: 


Guardrails;   2  by  4 


Poles: 

Putlogs: 

Ledgers1 
Braces: 
Pfanking' 
Guard  rails 


24  ft  or  less,  2  by  6.  24  ft  to 
40  ft,  doubled  2  by  4 


doubled 
on  edge 

2  by  8 

1  by  6 

2  by  10 
2  by  4 


2  by  4,    or^  ?  by  8 
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For  a  heavy-duty  J<.ubte-nole  scaffold  the 
minimum  lumber  dimer.    ns  are  as  follows. 


Poles: 


Putlogs; 
Ledgers 
Braces: 


24  ft  or  rss,  2  bv  6,  24  ft  to 
40  ft;  for  load  *rom  25  to  501b 
per  sq  ft,  double  2  by  4,  ior  load 
from  50  to  75  )b  per  sq  ft, 
double  2  by  6 

2  by  8  on  edge 

2  lv  8 

I  bv  6 


Planking      2  by  1 0 
Guardrail?:    2  by  6 

The  longitudinal  maximum  pole  spacing  fur 
a  light-duty  scaffold  is  7ft  6  ji.  For  a 
heavy-duty  scaffold  it  is  7  ft. 

The  transverse  maximum  pole  b^aung  fui 
light-  or  heavy-dut>  independent-pole  s^dffuld 
with  poles  tip  to  24  ft  is  6/t  6  in.  For  a 
light-duty  independent-pole  scaffold  with  poles 
24  to  40  ft  the  transverse  maximum  pole  spring 
is  7  ft,  For  a  heavy-duty  independent-pole 
scaffold  with  poles  24  to  40  ft  the  transverse 
maximum  spacing  is  1 0  ft 

For  a  single-pole  light-  or  he  vy-duty  uaf- 
fold  the  pole  spacing  from  the  wall  should  k 
from  3  to  ^ft. 

For  a  b4|ht-duty  scaffold  the  maximum 
ledger  vertical  spacing  is  7  ft.  For  a  heavy-duty 
scaffold  the  maximum  ledger  vertical  spacing  is 
4  ft  6  in, 

Construction  requirements  for  pu*e  scaffolds 
are  as  follows 

All  poles  must  be  set  up  perfectly  plumb. 

The  lower  ends  of  poles  must  not  bear  di- 
rectly on  a  natural  earth  surface.  If  the  surface  is 
earth,  a  board  footing  2  in,  tnick  and  from  6  to 
12  in.  wide  (depending  on  the  softness  of  the 
earth)  must  be  placed  urJer  the  poles, 

It  poles  must  be  spliced,  splice  plates  must 
not  be  less  than  4  ft  long,  not  less  than  the 


width  of  the  pole  wide,  and  each  pair  of  plates 
must  have  a  combined  tliK<ne:>s  not  less  than 
the  thickness  of  the  pole  Adjacent  poles  nust 
not  be  spliced  at  the  same  level. 

A  ledger  must  be  long  enough  to  extend  over 
two  pole  spaces*  and  it  must  overlap  the  poles  at 
the  ends  by  at  least  4  in.  Ledgers  must  be  spliced 
by  overlapping  and  nailing  AT  FOLbS-neVer 
between  poles.  If  platform  planks  are  raised  as 
work  progresses  upward,  the  ledgers  and  putlogs 
on  which  the  planks  previously  rested  must  be 
left  in  place  to  brace  and  stiffen  the  poles.  For  a 
heavy-duty  scaffold,  ledgers  must  be  suppo-  „ 
by  cleats,  nailed  or  bolted  to  the  poles,  as  we!l  as 
by  being  nailed  themselves  to  the  poles. 

A  Single  putlog  must  be  set  wi'li  the  longer 
section  dimension  vertical,  and  putlogs  must  be 
long  enough  to  over^p  the  poW  by  jt  least  3  in. 
They  should  be  both  face  nailed  to  the  poles  and 
Toenailed  to  the  ledgers.  When  the  inner  end  of 
the  purfog  butts  against  the  wall  (as  it  does  in  a 
>ingle-pole  scaffold*,  it  must  be  supported  by  a 
2  x6  bearing  block  not  less  than  12  in.  long, 
notched  out  the  width  of  the  putbr"and 
*ecun  ly  nailed  to  the  walj.  The  inner  end  of  the 
Putlog  should  be  nailed  to  both  the  bearing 
b'  ^k  and  the  wall.  If  the  inner  end  of  aputlog 
is  lOt  ited  in  a  window  opening,  it  must  be 
bupp^ited  on  a  stout  plank  nailed  across  the 
opening  if  tlit  inner  end  of  a  putlog  is  nailed  to 
a  buildiv  stud,  u  must  be  supported  on  a  cleat 
of  the  sarm  thickness  as  the  putlog,  nailed  to  the 
stud 

A  platform  plank  must  never  be  less  than 
2  in,  thick.  Edges  of  planks  should  be  close 
enough  together  to  prevent  tools  or  materials 
from  falhng  through  the  opening.  A  plank  must 
be  long  enough  to  Extend  over  3  putlogs,  with 
an  overlap  of  at  least  6  m  But  not  more  than 
]  in. 


PREFABRICATED  SCAFFOLD 
ERECTION 


Several  types  of  patent  mdependem 
scaffolding  arc  available  fur  simple  and  rapid 
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Figure  5-39.— Assembling  prefabricated  indep^ndent-pate  *ca*faki»"g 

erection  as  shown  m  figure  5-39  TIk*  scaffold  requires  adequate  footing  plates  for  bearing  an*a 

upnghts  are  braced  with  diagonal  members  a*  on  the  ground.  The  patented  steel  scaffolding  is 

shovm  in  figure  5*40.  and  the  working  le^ei  is  usually   reeled  by  placing  the  two  uprights  on 

covered  with  a  platform  of  planks.  All  bracing  the  ground  and  inserting  the  diagonal  members 

must  form  triangles  and  the  base  of  each  column  flic  diagonal  snnnhers  have  end  fittings  which 

*33 
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Figure  5-40.- Prefabricated  inctaP*ndent*pota  *c&H^dmg. 
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permit  rapid  locking  in  position.  The  first  her  is 
set  on  steel  bases  on  the  ground,  and  a  second 
tier  is  placed  in  the  same  manner  on  the  finit  ii^r 
with  the  bottom  of  each  upright  locked  to  tlje 
top  of  the  lower  tier  A  third  and  fourth  upright 
can  be  placed  on  the  ground  level  and  locked  to 
the  first  set  with  diagonal  bracing.  TV 
scaffolding  can  be  built  as  high  as  desired,  but 


high  scaffolding  should  be  KJi'ii  in  to  the  main 
structure. 

Steel  and  aluminum  scaffolding  is  used  to 
speed  up  construction  and  maintenance 
operations,  for  interior  work  and  erection,  there 
are  many  types.  Figure  5-4)  shows  a  type  of 
scaffolding  used  around  many  construction  sates 
because  this  type  can  be  disassembled  and 
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Figure  &41  *— Thv  scaffolding  used  for  interior  work  and  erection  of  &  construction  project. 


transported  whenever  necessary.  They  are 
mounted  on  steel  casters,  with  brakes  and 
adjustable  supports,  which  permit  quick 
movement  and  positioning  of  each  towe  .  This 
scaffolding  is  equipped  with  special*  trussed 
planks,  12  ft  long,  which  are  placed  to  enable 
crewmembers  to  be  within  comfortable  ami  ufe 
#orkmg  distance  of  ai]  building  connections 

BRACKET  SCAFFOLDS 

Bracket  scaffolding  {fig.  5^2)  has  certain 
advantages  over  the  ones  previously  discussed*  it 
is  easier  to  erect,  involves  less  labor,  and  requires 
less  material.  This  type  scaffold  can  be  easily 
constructed  of  wood  and,  in  some  areas,  is 
readily  available  in  prefabricated  steel 

Caution  is  a  must  when  fastening  steel 
bracket  scaffolding  in  place  with  nails,  because 


die  nails  must  b<?  driven  as  not  to  break  the 
heads.  Nails  with  broken  heads  are  definitely 
unsafe  for  scaffolds*  Some  brackets  are  even 
fastened  tc  tlie  wall  with  spikes  whiJe  others 
may  be  hooktd  around  a  stu<J.  The  latter  type  of 
bracket  is  safe,  but  requires  the  making  of  a  ho*e 
in  the  sheathing  for  withdrawal  of  the  bracket 
To  fasten  another  type  steel  bracket*  you  need 
to  bore  a  hole  in  a  2  by  4  crosspiece  nailed  to 
the  inside  of  ^  stud. 

The  most  simpSe  bracket  and  yet  sturdy  is 
the  wooden  bracket  and  the  Build  er  can 
construct  it  on  the  job.  Some  wooden  brackets 
are  fastened  to  the  wall  and  some  are  not  The 
ones  ;-ot  fastened  tc  the  wai]  are  supported  by 
2  by  4*s  set  at  an  angle  of  45  degrees,  Tne 
brackets  are  held  in  place  and  kept  from  tipping 
or  sliding  on  the  wail  by  using  cross  braces  of 
5  by  6  material. 
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F&itQ  5*42.-Ca!panttr'*  portable  braekst  for  scaf- 
folding. 


Another  type  of  commonly  used  bracket 
scaffolding  is  tht  IMder  jack,  as  shown  in  figure 
5-43,  This  type  cf  bracket  scaffolding  requires 
very  little  material  and  *abor  to  set  it  up. 

SCAFFOLD  SAFETY 

The  following  scaffolding  safety  precautions 
must  be  observed  by  all  persons  working  on 
scaffolds  or  tending  other  persons  who  are 
working  on  scaffolds.  Builder  petty  officers 
must  not  orl>  observe  the  safety  precautions 
themselves,  but  also  promulgate  them  their 
crew  and  insure  that  the  crew  observe  them. 

Standard  scaffolds  suitable  to  the  work  ?t 
hand  must  be  provided  and  used.  The  use  of 
makeshift  substitute  is  prohibited. 

All  scaffokis  must  be  maintained  in  a  safe 
condition,  and  a  scaffold  must  not  be  altered  or 
disturbed  while  ji  use.  Personnel  must  not  be 
allowed  to  use  damaged  or  weakened  scaffold* 
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Figure  5<43.-l.sddar  jack  for  scaffolding. 


Structural  members,  supporting  lines  and 
tackles,  and  other  scaffold  equipment  must  be 
inspected  daily  before  work  on  scaffolding  is 
started. 

When  crewmembers  working  on  a  scaffold 
are  directly  below  others  working  above,  the 
ones  below  must  be  sheltered  against  possible 
falling  objects  by  protective  headgear. 

If  the  frequent  presence  of  personnel  di- 
rectly under  a  scaffold  i*  unavoidable,  a  pro- 
tective covering  must  he  set  up  under  the 
scaffold.  A  passageway  or  thoroughfare  under  a 
scaffold  must  have  both  overhead  and  side 
protection. 

Access  to  scaffolds  must  be  by  standard 
stairs  or  fixed  ladders  only. 

The  erection,  alteration,  and  dismantling  of 
scaffolds  must  be  done  under  the  supervision  of 
aewmcmbcrs  who  are  experienced  in  scaffold 
work. 

When  scaffolding  a  being  dismantled  it 
should  be  cleaned,  and  ready  for  storage  or  use„ 
Scaffolding  that  is  not  ready  for  use  should 
nevei  ;tored. 

Work  on  scaffolds  should  be  secured  during 
storms  or  high  winds,  or  when  scaffolds  are 
covered  with  ice  or  snow. 


5-36 


1S5 


Chapter  5  FIBER  LINE,  WIRE  ROPE,  AND  SCAFFOLDING 


Unstable  objects*  such  as  bamHs,  boxes, 
loose  bncL  or  building  blocks,  must  not  be  used 
to  support  scaffold  planking. 

No  scaffold  may  be  used  for  the  storage  of 
materials  in  excess  of  those  currently  required 
for  the  job. 

Tools  not  in  immediate  use  on  scaffolds 
must  be  stowed  in  containers,  to  prevent  tools 
left  adrift  from  being  knocked  off.  Tool 
containers  must  be  lashed  or  otherwise  secured 
to  the  scaffolds. 

Scaffolds  must  be  kept  clear  of  ac- 
cumulations of  took,  equipment,  materials,  and 
rubbish* 

If  part  of  a  scaffold  must  be  used  as  a 
loading  or  landing  stage  for  materials,  the 
scaffold  must  be  additionally  braced  and 
reinforced  at  and  around  the  landing  stage  area. 

Throwing  objects  to  or  dropping  them  from 
scaffolds  is  absolutely  prohibited,  handlines 
must  be  used  for  raising  or  lowering  objects 
which  cannot  be  passed  hand-to-hand, 

A  standard  guardrail  and  toehoard  should  be 
"ovided  on  the  open  side  of  all  platforms  5  ft 
or  more  above  ground,  otherwise  safety  belts 
lied  off  to  safety  line*  must  be  used. 

If  >  the  space  between  the  scaffold  and 
buddmg  is  more  than  i  8  m,  a  standard  guardrail 
should  be  erected  on  the  building  side. 

No  person  should  remain  on  the  rolling 
scaffold  while  it  15  iK'tne  mo\:d 

No  person  will  kan  on  or  ajnmst  or  *tand  ur 
sit  on  any  guardrail  or  gu<;rd!i/ie 

When  1  Isght-duty  portable  scaffold  is 
formed  of  planfcs  supported  or  hitched  on  treble 
ladders,  t'm  base  of  the  laddet  should  be  secured 
against  opening  up  to  c he  fuil  ^f?T3ad  before 
iaying  on  the  planks, 

A  scaUuld  must  M  VI  R  be  ovHuadcd 
Scaffold*  are  built  m  the  following  strength 
catepone*  \  If  e\tra-!ie,;vy*dut>,  i2\  heavy 
duty,  light  diit>,  ind  *4»  an  intermediate 
category  between  haht  and  Heavy,  for  scaffolds 
used  by  stucco  workers  and  by  lathers  jnJ 
plasterer^.  The  maximum  cmfnrm  safe  working 


load  per  sq  ft  of  platform  for  each  of  these 
categories  is  as  follows: 

Extra- heavy-duty  (stone 
masons)  75  lb 

Hftavy-duty  (stone  setters  and 
bricklayers   50  lb 

Light-duty  (carpenters  and 
miscellaneous)  25  lb 

Intermediate  (stucco  workers 

and  plasterers)   30  lb 

To  get  the  load  per  sq  ft  of  platform  of  a 
pile  of  materials  on  a  platform,  divide  the  total 
weight  of  the  pile  by  the  number  of  sq  ft  of 
platform  it  covers. 


HOISTING  SAFETY  SIGNALS 
AND  RULES 

ONE  PEF  JON.  and  ONE  PERSON  ONLY, 
should  be  designated  as  official  signal.nan  for 
the  operator  of  a  piece  of  hoisting  equipment, 
and  both  the  signalman  and  the  operator  must 
be  thoroughly  familiar  with  the  standard  hand 
signals,  Whenever  possible,  the  signalman  should 
weu  some  distinctive  article  of  dress,  such  as  c 
bright-colored  helmet.  The  signalman  must 
maintain  a  position  from  which  the  load  and  the 
cre.v  working  oh  i;  can  be  seen,  and  also  where 
he  can  be  seen  by  the  operator. 

Figure  5-44  shows  the  standard  hand  signals 
for  hoisting  equipment.  Some  of  the  signals 
shown  apply  only  to  mobile  equipment  others 
only  to  a  piece  of  equipment  with  a  boom  wlvch 
can  be  raised,  lowered,  and  swung  in  a  circle. 

The  two-arm  ho»si  and  lower  signal*  are  used 
when  the  signalman  desires  to  control  the  speed 
of  hoisting  or  lowering,  The  one-arm  hoist  en* 
kmt-r  qgnal  a'lows  the  operator  to  take  the  loaa 
n&hi  on  up,  or  to  lower  it  right  on  do.vn. 

To  i>OC,  OFF  the  load  and  boom  m^ans  to 
tfie  brake-,  so  as  to  kxk  both  the  hoisting 
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hoist  wltn  forearm  vertical, 
forefinger  poin tim g  up,  move 
h/hoin  small  horizontal 
circles 


LOWER  tflTH  ARM  EXTENDED 
DOWNWARD,  FOREFINGER  POINT. 
ING  DOWN,  MOVE  HAND  IN  SMALL 
HORIZONTAL  CIRCLES. 


USE  WAIN  HOIST  TAP  FIST  ON 
HEAO,  THEN  use  regular 
SIGNALS 


USE  WNIP  LINE  (AUXILIARY 
HftSTi  TAP  ELBOW  WITH  ONE 
HAND,  THfN  USE  REGULAR 
SIGNALS. 


raise  &oom  arm  extended, 
fingers  closed,  thumb  point. 

INGUPWARO 


LOWER  BOOM'  ARM  EXTENDED, 
FINGERS  CLOSED.  THUwB  POINT. 
ING  DOWNWARD. 


MOVE  SLOWLY  USE  ON  £  HAND  TO 
GfVE  AMY  MOTION  SIGNAL  AND 
PLJ^CE  OTHER  HAND  MOTIONLESS 
IN  FRONT  OP  HA*jD  GIVING  THE 

motion  j'gnal  (hoist  slowly 
Shown  as  example? 


raj5f  the  800m  ano  lower 
the  load  ^th  arm  extended 
thumb  pointing  jp  flex 
fingers  in  and  out  as  long  as 
load  movement  is  desired 


LOWER  THE  BOOM  AND  RAISE 
THE  LOAD  *JTh  ARM  E*TENDE:) 

thumb  pointing odwn,  flex 
f^gersln  and  out  as  lonq 
as  load  movement  •$  desi^eo 
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Figure  5-44.-Comti uctton  hand  lignali. 
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SWING  ARM  ExtEnDEO  POINT 
KITH  FINGER  IN  OlRECTlON  OF 
SWING  OF  BDOM 


STOP-  ARM  EXTEnDEO,  PALM 
OOWN,  HOLD  POSITION  RtGiDLY 


Emergency  stdp;  arm  ex- 
tended, PALM  DOWN,  MOVE 
HANO  RAPIDLY  RIGHT  AND 
LEFT- 


TRAVEL  ARM  EXTENDED  FOR- 
WA«0,  HAND  OPEN  ANO  SLIGHTLY 
RAISED,  MAKE  PUSHING  MOT'ON 
m  DIRECTION  OF  TRAVEL 


dog  everythi  *g 

IN  FRONT  OF  BODY 


lUASP  HANO^ 


travelfboth  tracks)  use 
both  fists,  in  front  of  body 
making  a  circular  motion, 

ABOVE  EACH  OTHER,  INDICATING 
DIREC  riON  OF  TRAVEL,  FDR- 

waRo  or  backward  i for 
crawler  Cranes  cnly). 


TRAVEL  <ONE  TRaCK)  LOCK  THE 
TRACK  ON  SIDE  INDICATED  BY 
RAISED  FIST,  TRAVEL  OPPOSITE 
TRACK  IN  DIRECTION  INOjC  A  TED 

by  Circular  motidn  of  other 
rst,  rotateo  vertically  in 
front  cf  boot  f for  crawler 

CRANES  ONLYl 


EXTEnO  BOOM  ^TELESCOPING 
BOOM)  BOTH  FlSTS      FRONT  OF 
BODY  MTH  THUMBS  ^  OinTinG 
OUTWARD 


RETRACT  BOOM  ^TELESCOPING 
BOOM)  BOTH  FiSTSlN  FRO<*TOF 
BODY  WITH  THUMBS  POINTING 
TOWARD  EACH  OTNER 


Figure  5-44. -Construction  hand  signals-Continued. 
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EXTEND  BOOtt-fTELESCOPINC 
BOOM)  ONE  HANO  SlCNAL.  ONE 
FIST  <N  FRONT  OF  CHEST  WlTM 
THUMB  TAPPmC  CHEST. 


RETRACT  BOOMj  (TELESCOPIC 
BOOM*  ONE  HAND  StCNAL.  ONE 
*lST  IN  FRONT  QF  CHEST,  THUMB 
POINTINC  OUTWARD  AN D  HEEL 
OF  FIST  TAPPINC  CHEST. 
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Figure  5-44*— Con  it  ruction  hand  signal; —Continued. 


mechanism  and  the  boom  hoist  mechanism^  The 
signal  is  given  when  circumstances  require  that 
the  load  be  left  hanging  motionless  in  the  air  for 
sometime. 

With  the  exception  of  the  EMERGENCY 
STOP  signal,  which  may  be  given  by  anyone 
who  sees  a  necessity  for  it,  and  which  must  be 
obeyed  instantly  by  the  operator,  only  the 
official  signalman  gives  the  signals. 

The  signalman  is  responsible  for  making  sure 
that  members  of  the  crew  remove  their  hands 
from  slings,  hooks,  and  loads  before  giving  a 
signal.  The  signalman  should  also  make  sure  that 
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choker  hitch  basket  hitch 


INVERTED  BASKET  HITCH 
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Figure  5-45.— Way*  of  hitching  on  a  sling. 


all  persons  are  clear  of  bights  and  snatch 
clock  lines. 

The  most  common  way  of  attaching  a  load 
to  a  lifting  hook  is  to  put  a  SLING  around  the 
load  and  hang  the  sling  on  the  hook.  (See  fig. 
5-45.)  A  sling  may  be  made  of  line,  wire,  or  wire 
rope  with  an  eye  in  each  end,  (also  called  a 
STRAP)  or  an  ENDLESS  SLING.  (See  fig. 
5-46.)  Both  of  these  types  are  described  and 
illustrated  in  Constructtonmafty  NAVtDTRA 
10630-F.  When  a  sling  is  passed  through  its  own 
bight  or  eye,  or  shackled  or  hooked  to  its  own 
standing  part,  so  that  it  tightens  around  the  load 
like  a  lasso  when  the  load  is  lifted,  the  sling  is 
said  to  be  CHOKED,  or  it  may  be  called  a 
CHOKER  as  shown  in  figures  5-45  and  5-46,  A 


Chapter  5-F1BER  LINE,  WIRE  ROPE,  AND  SCAFFOLDING 


29 J  91 

Figure  5-46.— Ways  of  hitching  on  nreP*. 


two-legged  slim?  which  supports  the  load  at  two 
points  is  callei  a  BRIDLE  as  shown  in  figure 
5-47. 

The  following  safety  rules  must  be 
promulgated  to  and  observed  by  all  hands 
engaged  in  hooking  on. 

The  person  in  charge  of  hooking  on  must 
know  the  safe  working  load  of  the  rig  and  the 
weight  of  every  load  to  oe  hoisted.  The  hoisting 
of  any  load  heavier  than  the  safe  working  load 
of  the  rig  is  absolutely  prohibited. 

When  a  cylindrical  metal  object  such  as  a 
length  of  pipe,  a  cylinder,  or  the  like,  is 
hoisted  in  a  choker  bridle,  each  leg  of  the  bridie 
should  be  given  a  round  turn  around  the  load 
before  it  is  hooked  or  shackled  to  its  own  part. 
The  purpose  of  this  is  to  insure  that  the  legs  of 
the  bridle  will  not  slide  together  along  the  load, 
thereby  upsetting  ,e  balance  and  possibly 
dumping  the  load. 

The  point  of  strain  on  a  hook  must  never  be 
at  or  near  the  point  of  the  hook. 

Before  the  HOIST  signal  is  given,  the  person 
in  charge  must  be  sure  that  the  load  will  balance 
evenly  in  the  sling. 

Before  the  HOIST  signal  is  given,  the  person 
in  charge  should  be  sure  that  the  lead  of  the 
whip  or  falls  is  vertical.  If  it  is  not,  the  load  will 
take  a  swing  as  it  leaves  the  deck. 
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Figure  5-47. -Bridles. 


As  ihe  load  leaves  the  deck,  the  person  in 
charge  must  watch  carefully  for  kinked  or 
fouled  falls  or  slings.  If  any  are  observed,  the 
toad  must  be  lowered  at  once  for  clearing. 

Tag  lines  must  be  used  to  guide  and  steady  a 
load  whenever  there  is  a  possibility  that  the  load 
might  get  out  of  control. 

Before  any  load  is  hoisted,  it  must  be 
inspected  carefully  for  loose  parts  or  objects 
which  might  drop  as  the  load  goes  up. 

All  personnel  must  be  cleared  from  and  kert 
out  of  any  area  which  is  under  a  suspended  load, 
or  over  which  a  suspended  load  may  pass. 
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NEVER  walk  or  run  under  a  suspended  load. 

Loads  must  not  be  placed  and  left  at  any 
point  closer  than  4  ft  to  8  in.  from  the  nearer 
rail  of  a  railroad  track  or  crane  truck,  or  in  any 
position  where  they  would  impede  o*  prevent 
access  to  firefighting  equipment 

Whenever  materials  are  being  loaded  or 
unloaded  from  any  vehicle  by  crane,  the  vehicle 
operators  and  all  other  persons  except  the 
rigging  crew  should  stand  clear. 


Whenever  materials  are  placed  in  work  or 
storage  areas,  dunnage  or  shoring  must  be 
provided  as  necessary  to  prevent  tipping  of  the 
load  or  shifting  of  the  materials. 

All  crewmembers  must  stand  clear  of  loads 
which  tend  to  pread  out  when  landed. 

When  slings  are  being  heaved  out  from  under 
a  load,  all  crewmembers  must  stand  clear  to 
avoid  a  backlash,  and  also  to  avoid  a  toppling  or 
a  tip  oi  the  load  which  might  be  caused  by 
fouling  of  a  sling. 
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CHAPTER  6 


LEVELING,  GRADING,  AND  EXCAVATING 


In  this  chapter  the  common  types  and  uses 
of  leveling  instruments,  principles,  and 
procedures  of  establishing  elevations,  techniques 
of  laying  out  building  lines,  and  fundamentals  of 
excavating  are  described.  As  a  Builder,  you  will 
find  the  information  especially  useful  in 
performing  duties,  such  as  setting  up  a  level, 
selecting  turning  points,  reading  a  leveling  rod, 
interpreting  and  setting  grade  stakes,  setting 
batter  boards,  and  determining  dimensions  of 
below-grade  structures.  Also  included  in  this 
chapter  are  practices  and  measures  that  help 
prevent  slides  and  cave-ins  at  excavation  sites 
and  the  procedures  for  computing  volume  of 
land  mass. 


LEVELS 

The  ENGINEER'S  LEVEL,  often  referred  to 
as  the  DUMPY  LEVEL,  is  the  instrument  most 
commonly  used  to  attain  the  level  line  of  sight 
required  for  differential  leveling  (defined  later). 
The  DUMPY  LEVEL  and  the  SELF- LEVELING 
LEVEL  can  be  mounted  for  use  on  a  TRIPOD, 
usually  with  adjustable  legs.  (See  fig.  6-1.) 
Mounting  xs  done  by  engaging  threads  at  the 
base  of  the  instrument  (called  the 
FOOTPLATE)  with  the  threaded  HEAD  on  the 
tripod.  These  levels  are  the  ones  most  frequently 
used  in  ordinary  leveling  projects.  For  rough 
leveling,  the  HAND  LEVEL  is  used. 

DUMPY/ENGINEER'S 

Figure  6-2  shows  a  DUMPY/ENGINEER  *S 
level  and  its  nomenclature.  Notice  that  the 
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Figure  6-1.— Tripods. 


telescope  is  rigidly  fixed  to  the  supporting 
frame. 

Inside  the  telescope  there  is  a  ring  or 
diaphragm  known  as  the  RETICLE  (not  shown), 
which  supports  the  CROSSHAIRS.  The 
crosshairs  are  brought  into  exact  focus  by 
manipulating  the  knurled  EYEPIECE  FO- 
CUSING RING  near  the  EYEPIECE  or  the 
eyepiece  itself  on  some  models.  If  the  crosshairs 
get  out  of  horizontal  adjustment,  they  can  be 
made  horizontal  again  by  slackening  the 
RETICLE  ADJUSTING  SCREWS  and  turning 
the  screws  in  the  appropriate  direction. 

The  object  to  which  you  are  sighting  is 
called  a  TARGET,  regardless  of  its  shape.  The 
target  is  brought  into  clear  focus  by 
manipulating  the  FOCUSING  KNOB  shown  on 
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Figure  6-2.-Dumpy  level. 


top  of  the  telescope.  The  telescope  can  only  be 
rotated  horizontally,  but  before  it  can  be 
rotated,  the  AZIMUTH  CLAMP  must  be 
released.  After  training  the  telescope  as  nearly 
on  the  target  as  you  can  get  it,  you  tighten  the 
azimuth  clamp.  Then  you  bring  the  vertical 
crosshair  into  exact  alinement  on  the  target  by 
rotating  the  AZIMUTH  TANGENT  SCREW. 

The  LEVEL  VIAL,  LEVELING  HEAD, 
LEVELING  SCREWS,  and  FOOTPLATE  are  all 
used  to  adjust  tlie  instrument  to  a  perfectly  level 
line-of~sighft  once  it  is  mounted  on  the  tripod. 


eliminated  the  use  of  the  tubular  spirit  level, 
which  required  an  excessive  amount  of  time  to 
center  the  bubble,  and  the  bubble  had  to  be 
reset  quite  often  during  operation. 

The  self-leveling  level  is  equipped  with  a 
small  bullVeye  level  and  three  leveling  screws. 
The  leveling  screws,  which  set  on  a  triangular 
footplate,  are  used  to  center  as  much  as  possible 
the  bubble  of  the  bullVeye  level.  The 
line-of-sight  automatically  becomes  horizontal 
and  remains  horizontal  as  long  as  the  bubble 
remains  approximately  centered. 


SELF-LEVELING 

It  is  timesaving  to  use  the  selWeveling  or 
so-called  automatic  level  in  leveling  operations. 
The  selReveling  level  (%  6-3)  has  completely 


HAND 


The  hand  level,  like  all  surveying  levels,  is  an 
instrument  which  combines  a  level  vial  and  a 
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sighting  device.  Figure  6-4  shows  the  locke  level 
which  is  also  known  as  a  hand  level.  A 
horizontal  line,  called  an  index  line,  is  provided 
in  the  sight  tube  as  a  reference  line.  The  level 
vial  is  mounted  atop  a  slot  in  the  sighting  tube  in 
which  a  reflector  is  set  at  a  45°  angle.  This 
permits  the  observer  who  is  sighting  through  the 
tube,  to  see  the  object,  the  position  of  the  level 
bubble  in  the  vial,  and  the  index  line  at  the  same 
time. 

In  order  to  get  the  correct  sighting  through 
the  tube,  you  the  observer  should  stand  straight, 
using  the  height  of  your  eye  {if  known)  above 
the  ground  to  find  the  target.  When  your  eye 
height  is  not  known,  you  can  find  it  by  sighting 
the  rod  at  eye  height  in  front  ot  your  body. 
Since  the  distances  over  which  you  sight  a  hand 
level  are  rather  short,  no  magnification  is 
provided  in  the  tube. 
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Figure  6-4.-Locke  level. 


road,  or  the  finish  floorof  an  existing  structure. 
This  object  may  be  given  its  relative  sea-level 
elevation,  if  that  happens  to  be  known;  or  it 
may  be  given  a  convenient,  arbitrarily  assumed 
elevation,  usually  a  whole  number,  such  as 
100.0  ft.  An  object  of  this  type,  with  a  given, 
known,  or  assumed  elevation  which  is  to  be  used 
in  determining  the  elevations  of  other  points,  is 
called  a  BENCH  MARK. 


DIFFERENTIAL  LEVELING 

The  most  common  procedure  for  de- 
termining elevations  in  the  field,  or  for 
locating  points  at  specified  elevations,  is  known 
as  DIFFERENTIAL  LEVELING.  This  pro- 
cedure, as  its  name  implies,  is  nothing  more 
than  finding  the  vertical  DIFFERENCE  between 
the  known  or  assumed  elevation  of  a  bench 
mark  and  the  elevation  of  the  point  in  question. 
Once  the  difference  is  measured,  it  can  be  added 
to,  or  subtracted  from  {depend  ing  on  the 
circumstances),  the  bench  mark  elevation  to 
determine  the  elevation  of  the  new  point. 

ELEVATION  AND 
REFERENCE 

The  ELEVATION  of  any  object  is  its 
vertical  distance  above  or  below  an  established 
height  on  the  c?rth's  surface.  This  established 
height  is  referred  to  as  either  a  REFERENCE 
PLANE  or  simple  REFERENCE.  The  most 
commonly  used  reference  plane  for  elevations  is 
MEAN  (or  average)  SEA  LEVEL,  which  has 
been  assigned  an  assumed  elevation  of  000,0  ft. 
However,  the  reference  plane  for  a  construction 
project  is  usually  the  height  of  some  permanent 
or  semipermanent  object  in  the  immediate 
vicinity,  such  as  the  rim  of  a  manhole  cover,  a 


PRINCIPLES  OF 
DIFFERENTIAL  LEVELING 

Figure  6-5  illustrates  the  principle  of 
differential  leveling.  The  instrument  shown  in 
the  center  represents  an  ENGINEER'S  LEVEL. 
This  optical  instniment  provides  a  perfectly  level 
line  of  sight  through  a  telescope  which  can  be 
trained  in  any  direction.  Point  A  in  the  figure  is 
a  bench  mark  (it  could  be  a  concrete  monument, 
a  wooden  stake,  a  sidewilk  curb,  or  any  other  of 
a  variety  of  objects)  having  a  known  elevation  of 
365.01  ft.  Point  B  is  a  ground  surface  point 
whose  elevation  is  desired. 

The  first  step  in  finding  the  elevation  point 
of  Point  B  is  to  determine  the  elevation  of  the 
line-of-sight  of  the  instrument.  This  is  known  as 
the  height  of  instrument  and  is  often  written 
and  referred  to  as  simply  H.I.  To  determine  the 
H.I.  you  take  a  BACKSIGHT  on  a  LEVEL  ROD 
held  vertically  un  the  bench  mark  (B.M.),  as 
shown,  by  a  rodman  A  backsight  (B.S.)  is 
always  taken  after  a  new  instrument  position  is 
set  up  by  sighting  back  to  a  known  elevation  in 
order  to  get  the  new  H.l.  A  leveling  rod  *s 
graduated  upward  in  ft,  from  0  at  its  base,  with 
appropriate  subdivisions  in  ft. 

In  figure  6-5  the  backsight  reading  is 
1 1.56  ft  It  follows  then*  that  the  elevation  of 
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Figure  6-5,— Procedure  for  differential  leveling, 


the  line-of-sight  (that  is,  the  H,L)  must  be 
11.56  ft  greater  than  the  bench  mark  elevation. 
Point  A.  Therefore,  the  H.I.  is  365.01  ft  + 
1 1.56  ft,  or  376.57  ft  as  indicated. 

Next,  you  would  train  the  instrument  ahead 
on  another  rod  (or  more  likely,  on  the  same  rod 
carried  ahead)  held  vertically  on  B.  This  is 
known  as  taking  a  FORESIGHT.  After  reading  a 
foresight  (F,S.)  of  1.42  ft  on  the  rod,  it  follows 
that  the  elevation  at  pc:nt  B  must  be  1.42  ft 
lower  than  the  H.L  Therefore,  the  elevation  of 
Point  B  is  376.57  ft  -  1.42  ft,  or  375. 15  ft. 

SETTING  UP  A  LEVEL 

After  selecting  the  proper  location,  the  first 
step  is  to  set  up  the  tripod.  This  is  done  by 
spreading  two  of  the  legs  a  convenient  distance 
apart  and  then  bringing  the  third  leg  to  a 
position  which  will  bring  the  PROTECTOR  CAP 
(which  covers  the  TRIPOD  HEAD  THREADS) 
about  level  when  the  tripod  stands  on  all  three 
legs.  Then  unsc^w  the  protector  cap,  which 
exposes  the  threaded  head,  and  place  it  in  the 
carrying  case  where  it  will  not  get  lost  or  dirty. 
The  tripod  protective  cap  should  be  in  place 
whenever  the  tripod  is  not  being  used. 

Lift  the  instrument  out  of  the  carrying  case 
by  the  footplate-NOT  by  the  telescope.  Set  it 


squarely  and  gently  on  the  tripod  head  threads 
and  engage  the  HEAD  NUT  THREADS  under 
the  footplate  by  rotating  the  footplate 
clockwise.  I  f  the  threads  will  not  engage 
smoothly,  they  may  be  cross-threaded  or  dirty. 
DO  NOT  FORCE  them  if  you  encounter 
resistance,  but  instead*  back  off*  and  after 
checking  to  see  that  they  are  clean,  square  up 
the  instrument,  and  then  try  again  gently.  Screw 
the  head  nut  up  firmly,  but  not  too  tightly. 
Screwing  it  too  tightly  causes  eventual  wearing 
of  the  threads  and  makes  unthreading  difficult. 
After  you  have  attached  the  instrument,  thrust 
the  leg  tips  into  the  ground  far  enough  to  insure 
that  each  leg  has  stable  support,  taking  care  to 
maintain  the  footplate  as  near  level  as  possible. 
With  the  instrument  mounted  and  the  legs 
securely  positioned  in  the  soil,  the  thumbscrews 
at  the  top  of  each  leg  should  be  firmly  tightened 
to  prevent  any  possible  movement. 

Quite  frequently  the  Builder  must  set  up  the 
instrument  on  a  hard,  smooth  surface,  such  as  a 
concrete  pavement.  Therefore,  steps  must  be 
taken  to  prevent  the  legs  from  spreading.  Figure 
6-6  shows  two  good  ways  of  doing  this.  In  view 
A,  the  tips  of  the  legs  are  inserted  in  joints  in  the 
pavement.  In  view  B,  the  tips  are  held  by  a 
wooden  floor  triangle. 
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Figure  6*6.— Methods  of  preventing  tripod  lags  from 
/prodding. 


LEVELING  A  LfcVEL 

To  functir  i  accurately,  the  level  must 
provide  a  tin'  .of  sight  which  is  PERFECTLY 
ffORlZONTAL  (that  is,  LEVEL)  in  any 
direction  thefr,telescope  is  trained.  To  insure  this, 
the  instrumf  sit  must  be  leveled  as  follows. 

As*Hlieady  explained,  when  the  tripod  and 
instrument  are  first  set  up,  the  footplate  should 
be  made  as  nearly  level  as  possible.  Next,  train 
the  telescope  over  a  pair  of  diagonally  opposite 
leveling  screws  and  clamp  it  in  that  position. 
Then  manipulate  the  leveling  thumbscrews*  as 
shovn  in  figure  6-7,  to  bring  the  bubble  in  the 
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Figure  6*7*-Manipufeting  leveling  thumbscrews. 


level  vial  exactly  into  the  marketi  center 
position. 

The  thumbscrews  are  manipulated  by  simul- 
taneously turning  them  in  opposite  directions,  a 
procedure  which  shortens  one  SPIDER  LEG 
(threaded  member  running  through  the 
thumbscrew)  while  it  lengthens  the  other.  It  is 
helpful  to  remember  that  the  level  vial  bubble 
will  move  in  the  same  direction  that  your  left 
thumb  moves  while  you  rotate  the  thumbscrews. 
To  put  this  another  way:  gvhen  your  left  thumb 
pushes  the  thumbscrew  CLOCKWISE,  the 
bubble  will  move  towards  your  left  hand;  when 
you  turn  the  left  thumbscrew  COUNTER- 
CLOCKWISE, the  bubble  moves  toward  your 
right  hand. 

After  leveling  the  telescope  over  one  pair  of 
screws,  train  it  over  the  other  pair  and  repeat  the 
process.  As  a  check,  set  the  telescope  in  all  four 
possible  positions  and  be  sure  that  the  bubble 
centers  exactly  in  each. 

Various  techniques  for  using  the  level  will 
develop  with  experience;  however,  in  this 
section  we  will  only  discuss  the  techniques  that 
we  believe  are  essential  to  the  Builder  rating.  If 
you,  as  a  Builder,  find  that  you  need  more 
information  concerning  leveling  techniques, 
refer  to  the  latest  edition  of  Engineering  Aid 
3&2. 

BALANCING  SHOTS 

No  matter  how  carefully  an  instrument  is 
leveled,  the  line-of-sjght  through  the  telescope  is 
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likely  to  be  not  qqite  exactly  horizontal.  The 
e  rro  r  w  hi  ch  this  introduces  is  directly 
proportional  to  the  distance  between  the  level 
and  the  object  sighted  This  means  that  the  error 
increases  as  the  distance  increases.  To  help 
overcome  this  INSTRUMENTAL  ERROR,  you 
should  take  BALANCING  SHOTS. 

Balancing  shots  are  nothing  more  than 
equalizing,  as  much  as  possible,  the  backsight 
and  foresight  distances  by  selecting  setup  points 
which  are  as  nearly  as  possible  equidistant  from 
the  points  backsighted  and  foresighted. 

TURNING  POINTS 

In  the  procedure  shown  in  figure  6-5,  you 
were  able  to  determine  the  desiied  elevation 
from  a  single  instrument  setup,  because  the 
difference  in  elevation  between  the  bench  mark 
and  the  point  was  sm<til  enoi^gh  to  make  this 
possible.  However,  figuie  6-8  shows  a  situation 
in  which  the  difference  *n  elevation  is  too  large 
for  a  single  setup. 

In  such  a  case,  determine  the  elevations  of  as 
-  tany  intermediate  TURN/NG  POINTS  (T.P.)  as 
you  need  to  bring  the  instrument  to  a  setup 
point  from  which  you  can  read  a  rod  set  on  the 
summit-  You  start  here  by  setting  up  at  a  point 
on  the  slope  where  you  can  get  a  pretty  high 


backsight  reading  on  a  rod  set  on  the  bench 
mark.  The  backsight  reading  is  1102  ft; 
therefore,  the  H.L  at  the  first  setup  is 
100.00  +  1 2.02,  or  1 1 202  ft  You  then  train  the 
telescope  ahead,  in  the  direction  of  the  summit, 
and  set  up  the  rod  on  a  point  where  you  can  get 
a  low  reading  of  206  ft.  The  elevati,  a  of  this 
point  is  112.02-  2.06,  or  109,96  ft.  This  point  is 
the  first  turning  point. 

You  can  see  in  the  figure  how  it  was  used  to 
backsight  on  from  the  next  forward  setup,  and 
how  the  elevation  of  a  second  T.P.  was  obtained. 
From  a  third  setup-  between  this  T.P.  and  the 
summit,  it  is  possible  to  determine  the  elevation 
of  the  summit. 

SELECTION  OF 
TURNING  POINTS 

Suppose  you  want  to  determine  the 
elevation  of  a  certain  point  A.  The  nearest  point 
of  known  elevation  is  a  certain  B.M.  Because  of 
distance,  steepness  of  slope,  or  both,  you  have 
to  make  the  run  by  way  of  a  series  of 
intermediate  T.P/s,  Somebody  else  has 
determined  the  elevation  of  the  B,M.,  but  each 
of  the  T,P/s  is  a  point  whose  elevation  you  must 
determine  yourself.  The  accuracy  of  the 
elevation  you  determine  for  point  A  will  depend 


Figure  6-8.- Turning pointj  (TP). 
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on  the  accuracy  with  which  you  can  determine 
the  elevation  of  ekch  intermediate  T.P. 

For  most  ordinary  leveling,  it  is  customary 
to  limit  B.S.  and  F.S.  distances  to  a  maximum  of 
300  horizontal  ft.  Consequently,  the  first  setup 
point  should  be  not  more  than  300  ft  from  the 
B.M.,  and  the  first  T.P.  should  be  about  the 
same  distance  from  the  setup  point  (if  the 
required  accumcy<caUs  for  balancing  shots). 

In  general,  T.P.'s  and  setup  points  should  be 
selected  to  make  rod  readings  as  small  as 
possible.  This  means  that  the  best  setup  point  is 
one  at  which  the  difference  in  elevation  between 
the  B.M.  and  the  H.I.  is  as  small  as  possible*  and 
the  best  T.P.  is  one  with  an  elevation  as  near 
that  of  the  H.I.  as  possible. 

Why  are  small  rod  readings  desirable? 
Because  if  a  rod  is  held  slightly  out  of  plumb, 
each  reading  on  the  rod  will  be  larger  by  a 


certain  amount  than  it  should  be,  and  this 
amount  increases  as  the  si2e  of  the  rod  reading 
increases.  Suppose,  for  example,  that  a  rodman 
holds  a  rod  so  far  out  of  plumb  as  to  cause  it  to 
read  12.01  ft  when  it  would  have  read  12.00  ft 
if  it  were  plumb.  The  error  for  a  1200-ft 
distance,  then,  is  0X1  ft.  For  a  2.00-ft  distance 
on  the  same  rod  held  in  the  same  manner, 
however,  the  error  would  equal  the  value  of  x  in 
the  equation  l2.00:0.01::2>00:x,  or  only  about 
0.002  ft. 

A  selected  T.P.  must  famish  a  firm, 
unyielding  support  for  the  base  of  the  rod.  This 
prevents  the  rod  from  settling  into  the  ground 
between  instrument  setups.  When  you  cannot 
avoid  working  in  soft*  yielding  ground,  the  base 
of  the  rod  should  be  placed  on  a  stake  driven 
flush  with  the  ground,  or,  or  a  specially  made 
TURNING  POINT  PIN  or  TURNING  POINT 
PLATE,  as  those  illustrated  in  figure  6-9. 
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Flgura  6-9.— Turning  point  pin  and  turning  point  plate. 
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CARE  OF  LEVELS 

An  engineer's  level  is  a  precision  instrument 
containing  many  delicate  and  some  fragile  parts. 
It  must  be  handled  gently  and  with  the  greatest 
care  at  all  times,  and  it  must  never  be  subjected 
to  shock  or  jar.  Movable  parts  (if  not  locked  or 
clamped  in  place)  should  work  easily  and 
smoothly.  If  a  movable  part  resists  normal 
pressure  theie  is  something  wrong  somewhere* 
and  if  you  FORCE  the  part  to  move  you  wil) 
probably  damage  the  instrument.  You  will  also 
cause  wear  and/or  damage  if  you  tighten  clamps, 
screws*  and  the  like  excessively. 

The  ONLY  proper  place  to  stew  the 
instrument  when  it  is  detached  from  the  tripod 
is  in  its  own  carrying  box  or  case.  The  carrying 
case  is  designed  to  reduce  the  effect  of  jarring  to 
a  minimum,  and  it  is  strongly  made  and  well 
padded  to  protect  the  instrument  from  damage. 
Before  stowing,  tiie  azimuth  clamp  and  leveling 
screws  should  be  slightly  tightened  to  prevent 
movement  of  parts  inside  the  box.  When  it  is 
being  transported  in  a  vehicle,  the  case 
containing  the  instrument  should  be  placed  as 
nearly  as  possible  midway  between  the  front  and 
rear  wheels.  This  is  the  point  where  jarring  of 
the  wheels  has  the  least  effect  on  the  chassis. 

You  should  never  lift  the  instrument  out  of 
the  case  by  grasping  the  telescope.  Wrenching 
the  telescope  in  this  manner  will  damage  a 
number  of  delicate  parts.  Instead,  lift  it  out  by 
reaching  down  and  grasping  the  foot  plate  or  the 
level  bar. 

When  the  instrument  is  attached  to  the 
tripod,  and  it  is  to  be  carried  from  one  point  to 
another,  the  azimuth  clamp  and  level  screws 
should  be  set  up  tight  enough  to  prevent  part 
motion  during  the  transport,  but  Icose  enough 
to  allow  a  c*give"  in  case  of  an  accidental  bump 
against  some  object.  When  you  are  carrying  the 
instrument  over  terrain  which  is  free  of  possible 
contacts  (across  an  open  field,  for  example),  you 
may  carry  it  over  your  shoulder,  like  a  rifle. 
When  there  are  obstacles  around,  you  should 
carry  it  as  shown  in  figure  6-10.  Carried  in  this 
manner,  the  instrument  is  always  visible  to  you, 
and  this  makes  it  possible  for  you  to  avoid 
striking  it  against  obstacles. 
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Figure  carrying  position  for  instrument 

whan  obstacles  may  be  encountered. 

LEVELING  RODS 

LEVELING  RODS  are  used  to  measure  the 
precise  vertical  distance  between  the  object  or 
point  in  question  and  the  exactly  level 
line-of-sight  of  die  instalment.  For  example,  in 
figure  6-5,  the  leveling  rod  was  held  at  points  A 
and  B  and  vertical  heights  of  1 1  - 56  ft  and 
1.42  ft  were  read  respectively.  There  are  two 
general  types  of  leveling  rods.  These  are  the 
DIRECT  READING  type  (also  called  SELF- 
READING  type)  and  the  TARGET-READING 
type,  Since  most  target- reading  rods  can  also  be 
read  direct,  jt  is  really  rrTe  accurate  to  say  that 
most  leveling  rods  are  direct-reading  and  some 
are  also  equipped  for  taiget-reading. 


Philadelphia  Rod 

Perhaps  the  most  frequently  used  leveling 
rod  is  the  PHILADELPHIA  rod  shown  in  figure 
6'l  K  The  face  of  the  rod  is  shown  to  the  "left, 
the  back  to  the  right.  The  rod  consists  of  two 
sliding  sections  which  can  be  fully  extended  to  a 
total  length  of  13.10  ft.  When  the  sections  are 
entirely  closed,  the  total  length  is  7.10  ft.  For 
direct  readings  (that  is,  for  readings  on  the  face 
of  the  rod)  of  up  to  7.10  ft  and  13.10  ft,  it  is 
used  extended  and  read  on  the  back  by  the 
rodman. 
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In  DIRECT  readings,  it  is  the  person  at  the 
instrument  wl?o  reads  the  graduation  on  the  rod 
intercepted  by  the  crosshair  through  the 
telescope.  In  TARGET  readings,  it  is  the 
RODMAN  who  rtads  the  graduation  on  the  face 
of  the  rod  intercepted  by  a  TARGET.  In  figure 
6-11,  the  target  does  not  appear;  it  is  shown 
however,  in  figure  6-12.  As  you  can  see,  it  is  a 
sliding,  circular*  red-and-white  device  which  can 
be  moved  up  or  down  the  rod  and  clamped  in 
position.  It  is  placed  by  the  rodman  on  signals 
given  by  the  instrumentman. 
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FACE 


BACK 
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Figure  6-11— Face  *nd  back  of  Philadelphia  leveling  rod. 
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Figure  6*12.— Philadelphia  rod  set  for  target  reading  of 
less  than  7.000  ft. 
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The  rod  shown  in  the  figures  is  graduated  :n 
ft  and  hundredths  of  a  ft.  Each  even  ft  is  marked 
with  a  targe  red  numeral,  and  between  each  pair 
of  adjacent  red  numerals  the  intermediate  tenths 
of  a  ft  are  marked  with  smaller  black  numerals. 
Each  intermediate  hundredth  of  a  ft  between 
each  pair  of  adjacent  tenths  is  indicated  by  the 
top  or  bottom  of  one  of  the  short  black  dash 
graduations 

DIRECT  READINGS* -As  the  tevetman,  you 
may  make  direct  readings  on  a  self-reading  rod 
held  plumb  on  the  point  by  the  rodman.  If  you 
are  working  to  tenths  of  a  fti  it  is  relatively 
simple  to  read  the  ft  mark  below  the  crosshair 
and  the  tenth  mark  which  is  closest  to  the 
crosshair.  But  if  greater  precision  is  required. 


and  you  must  work  to  hundredths,  the  reading  is 
more  complicated*  as  shown  in  figure  6-13. 

For  example,  suppose  you  are  making  a 
direct  reading  which  should  come  out  to  5.67  ft. 
l(  the  rod  is  a  Philadelphia  rod,  the  interval 
between  the  top  and  the  bottom  of  each  black 
graduations*  and  the  interval  between  the  black 
graduations  (see  fig*  6-14),  each  represents 
0.01  ft.  For  a  reading  of  5.76  ft*  there  are  3 
black  graduations  between  the  5.70-ft  mark  and 
the  5.76-ft  mark.  Since  there  arc  3  graduations, 
a  beginner  may  have  a  tendency  to  misread 
5.76  ft  as  5.73  ft. 

As  you  can  see,  neither  the  5-ft  mark  nor  the 
6- ft  mark  are  shown  in  figure  6-14.  Sighting 
through  the  telescope,  you  might  not  be  able  to 
see  the  ft  marks  to  which  vou  must  refer  the 
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Figure  6-13*— Philadelphia  rod  marking*. 
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target  and  the  vernier  scale  arc  being  used,  it  is 
possible  to  make  readings  of  0,001  (l/1000ft) 
which  is  approximately  1/3  2nd  of  an  inch.  The 
indicated  reading  of  the  target  can  be  read  either 
by  the  rodman  or  the  instrument  man.  In  figure 
6*15,  you  can  see  that  the  Oon  the  vernier  scale 
is  in  exact  alinement  with  the  4-ft  mark.  If  the 
position  of  the  0  on  the  target  is  not  in  exact 
alinement  with  a  line  on  the  rod,  go  up  the 
vernier  scale  on  the  target  to  the  line  that  is  in 
exact  alinement  with  the  hundredths  line  on  the 
rod  and  the  number  located  would  be  the 
reading  in  thousandths. 

There  are  three  situations  in  which  target 
reading  rather  than  direct  reading  is  done  on  the 
f3ce  of  the  rod;  when  the  rod  is  too  far  from  the 
level  to  be  read  directly  through  the  telescope; 
and  when  a  reading  to  'he  nearest  0.001  ft, 
rather  than  to  the  nearest  0.01  ft,  is  desired  (a 
VERNIER  on  the  target  or  on  the  back  of  the 
rod  makes  this  possible  as  explained  shortly); 
and  when  the  instnunentman  desires  to  insure 
against  the  possibility  of  reading  the  wrong  ft 
(large  red  letter)  designation  on  the  rod. 

For  target  readings  up  to  7.000  ft,  the  rod  is 
used  fully  closed,  and  the  rodman.  on  signals 
from  the  instmmcntman  sets  the  target  at  the 
point  where  its  horizontal  axis  js  intercepted  by 
the  crosshair  as  seen  through  the  telescope. 
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Figure  6-14.-Direct  reading  oi  5.76  It  on  Philadelphia 

rod. 


reading.  When  you  can  not  see  the  next  lower  ft 
mark  through  the  telescope,  it  js  a  good  idea  to 
order  the  rodman  to  "raise  the  red.'1  The  "red** 
has  reference  to  the  fact  that  the  numerals 
which  indicate  whole  ft  on  the  Philadelphia  rod 
are  in  the  red.  When  the  rodman  hears  this 
order,  the  rodman  slowly  raises  the  rod  until  the 
next  lower  red  figure  comes  into  view, 

TARGET  READINGS  -For  more  precise 
vertical  measurements*  level  rods  may  be 
equipped  with  a  rod  target  that  can  be  set  and 
clamped  by  the  rodman  at  the  directions  of  the 
in^tnimentmi*n.  When  the  engineers  level  rod 
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Figure  6-15. -Target. 
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When  the  target  is  located,  it  is  clamped  in  place 
with  the  TARGET  SCREW  CLAMP,  as  shown  in 
figure  6-12.  When  a  reading  to  only  ths  nearest 
0.01  ft  is  desired,  the  graduation  indicated  by 
X  the  target  horizontal  axis  is  read;  in  figure  6-12, 
this  reading  is  5.84  ft- 


For  target  readings  of  more  than  7.000  ft 
the  procedure  is  a  little  different..lf  you  look  at 
the  right-hand  view  of  figure  6-1 1  (showing  the 
BACK  of  the  ro<D,  you  will  see  that  only  the 
back  of  the  UPPER  section  is  graduated,  and 
that  it  is  graduated  DOWNWARD  from  7.000  ft 
at  the  top  to  13.09  ft  at  the  bottom.  You  can 
also  see  that  there  is  a  ROD  VERNIER  fixed  to 
the  top  of  the  LOWER  section  of  the  rod.  This 
vernier  is  read  against  the  graduations  on  the 
back  of  the  iipper  section. 

For  a  target  reading  of  more  than  7.000  ft, 
the  rodmanjfirst  clamps  the  target  at  the  upper 
section  of  the  rod*  Then,  on  signals  from  the 
ins tru meatman,  the  rodman  extends  the  rod 
upward  to  the  point  where  the  horizontal  axis  of 
the  target  is  intercepted  by  the  crosshair.  The 
rodman  then  clamps  the  rod,  using  the  ROD 
CLAMP  SCREW  shown  in  figure  6-16,  and  reads 
the  vernier  on  the  BACK  of  the  rod,  also  shown 
in  that  figure.  In  this  case  the  0  on  the  vernier 
indicates  a  certain  number  of  thousandths  more 
than  7.100  ft  REMEMBER  THAT  IN  THIS 
CASE,  YOU  READ  THE  ROD  AND  THE 
VERNIER  DOWN  FROM  THE  TOP,  NOT  UP 
FROM  THE  BOTTOM,  To  determine  the 
thousandths,  determine  wliich  vernier 
graduation  lines  up  most  exactly  with  a 
graduation  on  the  rod,  tn  this  case  it  is  the  7; 
therefore,  the  rod  reading  is  7. 1 07  ft. 
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Figure  6*16,— Philadelphia  rod  target  reading  of  more 
than  7.000  ft 


Rod  Levels 

A  rod  reading  is  accurate  only  if  the  rod  is 
perfectly  PLUMB  (vertical)  at  the  time  of  the 
reading.  If  the  rod  is  out  of  plumb,  the  reading 
will  be  greater  than  the  actual  vertical  distance 
between  the  H.l.  and  the  base  of  the  rod.  On  a 
windy  day,  the  rodman  may  have  difficulty 
holding  the  rod  plumb.  In  this  case,  the  levefrnan 
can  have  the  rodman  wave  the  rod  back  and 
forth  allowing  the  levelman  to  read  the  lowest 
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If  reading  to  the  nearest  0*001- ft  is  desired, 
the  rodman  reads  the  VERNIER  (small  scale 
running  from  0  to  1 0)  on  the  target.  The  0  on 
the  vernier  indicates  that  the  reading  lies 
between  5,840  ft  and  5,850  ft,  To  determine 
how  many  thousandths  of  a  ft  over  5.840  there 
are,  you  examine  the  graduations  on  the  vernier" 
to  determine  which  one  is  most  exactly  in  line 
with  a  graduation  (top  or  bottom  of  a  black 
dash)  on  the  rod.  In  figure  6-12,  this  graduation 
on  the  vernier  is  the  3;  therefore,  the  reading  to 
the  nearest  0.001  ft  is  5.843  ft.  * 
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reading  touched  on  the  engineer's  level 
crosshairs. 

The  use  of  a  ROD  LEVEL  insures  a  vertical 
rod.  A  BULL'S-EYE  rod  level  is  shown  in  figure 
6-17.  When  it  is  held  as  shown  (on  a  part  of  the 
rod  where  readings  are  not  being  taken,  to  avoid 
interference  with  the  instrument  man's  view  of 
the  scale),  and  the  bubble  is  centered,  the  rod  is 
plumb.  A  VIAL  rod  level  has  two  spirit  vials, 
each  of  which  is  mounted  on  the  upper  edge  of 
one  of  a  pair  of  hinged  metal  LEAVES.  The  via] 
leyel  is  used  like  the  bullVeye  level,  except  that 
two  bubbles  must  be  watched  instead  of  one. 


Care  of  Leveling  Rods 


A  leveling  rod  is  a  precision  instrument  and 
must  be  treated  as  such.  Most  rods  are  made  of 
carefully  selected,  kiln-dried,  well-seasoned 
hardwood.  Scale  graduations  and  numerals  on 
some  are  painted  directly  on  the  wood,  on  most 
rods,  however,  they  are  painted  on  a  metal  strip 
attached  to  the  wood.  Unless  a  rod  is  handled  at 
all  times  with  great  care,  the  painted  scale  will 
soon  become  scratched,  dented,  worn,  or 
otherwise  marked  and  obscured.  Accurate 
readings  on  a  scale  in  this  condition  are  difficult. 


Figure  G-17.-Bull's-eye  rod  level. 


Allowing  an  extended  sliding  section  rod  to 
close  *'on  the  run,"  by  permitting  the  upper 
section  to  drop,  may  jar  the  vernier  scale  out  of 
position  or  otherwise  injure  the  rod.  Always 
close  an  extended  rod  by  easing  the  upper 
section  down  gradually. 

A  rod  will  read  accurately  only  if  it  is 
perfectly  straight.  It  follows  that  anything  which 
might  bend  or  warp  the  rod  must  be  avoided.  Do 
not  lay  a  rod  down  flat  unless  it  is  supported 
throughout,  and  never  use  a  rod  for  a  seat,  a 
lever,  or  a  pole  vault.  In  short,  never  use  a  rod 
for  any  purpose  except  the  one  for  which  it  is 
designed. 

Store  a  rod  not  in  use  in  a  DRY  place  to 
avoid  warping  and  swelling  caused  by  dampness. 
Always  wipe  off  a  wet  rod  before  putting  it 
away,  if  there  is  dirt  on  the  rod,  RINSE  it  off, 
but  do  not  SCRUB  it  off.  Tf  a  soap  solution 
must  be  u&d  (to  remove  grease,  for  example), 
make  it  a  very  mild  one.  The  u^e  of  a  strong 
soap  solution  will  soon  cause  the  paint  on  the 
rod  to  degenerate. 

PiOtect  a  rod  as  much  as  possible  against 
prolonged  exposure  to  strong  sunlight.  Such 
exposure  causes  paint  to  CHALK -meaning  to 
degenerate  into  a  chalkrlike  substance  which 
flakes  from  the  surface. 

FIELD  NOTES 

It  is  not  often  that  you  will  be  required  to 
keep  FIELD  NOTES;  however,  if  you  had  to 
make  the  level  run  illustrated  in  figure  6-8,  you 
should  keep  a  record  in  a  FIELD  NOTEBOOK 
similar  to  that  shown  in  figure  6-18.  The 
left-hand  page  shown  is  called  the  DATA  page, 
the  right-hand  page,  the  REMARKS  page.  On 
the  data  page  there  are,  from  left  to  right, 
columns  headed  Sta.  (for  station),  B.S.  (for 
backsight),  H.L  (for  height  of  instrument),  F*S* 
(for  foresight),  wd  Elev.  (for  elevation).  The 
first  entry  under  Sta.  is  the  starting  point  or  the 
bench  mark,  entered  as  B.M.  L  Beside  this 
entry,  under  Elev.  is  the  bench  mark  elevation  of 
100.00  ft.  The  first  B.S>  reading  on  the  rod  held 
on  the  B.M.  is  1 2.02,  as  entered  beside  B.M>  I  in 
the  column  headed  B.S*  The  H.L  of 
100.00+  12.02,  or  1 12.02,  is  entered  under  H.L 
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Figure  G-18.-Field  note*  for  differential  leveling. 


The  first  turning  point,  T.P.  1,  is  entered  in 
the  Sta.  column  below  B.M.  1.  The  foresight 
(F.SO  on  that  T.P.,  which  read  2.06  ft,  is 
entered  in  the  F.S.  column,  and  the  elevation  of 
the  T.PM  computed  by  subtracting  the  F,S.  of 
106  ft  from  the  H.L  of  112.02  ft,  is  entered 
{109.96  ft)  in  the  column  headed  "Elev."  You 
can  see  how  the  notes  follow  through  to  the 
summit  elevation  of  1 27. 1 7  ft. 

Note  the  check  on  the  mathematics.  This 
check  is  based  on  the  fact  that  the  difference 
between  the  sum  of  the  foresight  readings  and 
the  sum  of  the  backsight  readings  should  equal 


the  difference  between  the  starting  B.M. 
elevation  and  the  summit  elevation.  The  sum  of 
the  B.S.  readings  is  35.87  ft;  the  sum  of  the  F,S. 
readings  is  8.70  ft;  and  the  difference  is 
3  5.87-  8.70,  or  27.17  ft.  The  difference 
between  the  starting  B.M.  elevation  and  the 
summit  elevation  is  127.17-  100.00.  or  27  J  7  ft. 
Therefore,  the  check  on  the  mathematics  is 
satisfactory. 

As  a  check  on  the  precision  with  which  the 
work  was  done,  the  line  of  levels  was  run  back 
again  from  the  summit  to  the  B.M.  As  you  can 
see,  this  resulted  in  an  elevation  for  the  B.M- 
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which  is  0,02  ft  higher  than  its  actual  elevation. 
Whether  or  not  this  discrepancy  wouid  be 
considered  too  large  would  depend  on  the  order 
of  precision  required  in  the  level  run.  For  most 
preliminary  Builder  leveling  purposes,  it  would 
probably  be  considered  satisfactory. 

ERRORS  AND  MISTAKES 
IN  LEVELING 

You  might  think  that  an  error  and  a  mistake 
are  much  the  sarae  thing;  however,  in  surveyor's 
technical  terminology  there  is  a  distinction.  An 
error,  in  the  technical  sense,  is  an  inaccuracy 
caused  by  built-in  circumstances,  while  a 
mistake  is,  simply,  a  "boner,"  such  as 
subtracting  a  B.S.  reading  from,  instead  of 
adding  it  to  a  B.M.  elevation  to  determine  the 
H.I, 

An  INSTRUMENTAL  erroris  one  caused  by 
an  imperfection*  maladjustment,  or  malfunction 
in  the  instrument  used.  A  rod,  for  example, 
which  indicated  5  00  ft  when  it  was  actually 
measuring  onl>  4.99  ft  would  contain  an 
instrumental  errrtr+  Similarly,  a  level  on  which 
the  bubble  in  the  vial  centered  when  the 
telescope  was  not  actually  level  would  contain 
an  instrumental  error.  The  errcrin  the  rod  could 
not  be  eliminated;  it  would  have  to  be 
compensated  fo%  by  applying  a  correction  to 
every  reading  taken  on  the  rod.  Fortunately, 
rods  seldom  contain  significant  instrumental 
errors,  and  for  the  purposes  for  which  a  Builder 
is  usually  using  a  rod,  you  may  assume  the  rod 
to  be  free  of  error.  Similarly,  the  level  you  use  is 
checked  periodically  by  an  EA  or  Instrument- 
man  for  proper  level  adjustment. 

PERSONAL  errors  exist  as  a  result  of 
natural  limitations  on  the  powers  of  the  human 
senses.  When,  for  example,  you  aline,  by  eye, 
the  horizontal  crosshair  in  a  level  telescope  with 
a  point  on  adislant  rod,  your  alinement  is  never 
absolutely  exa:;+  You  must  reduce  personal 
errors  to  a  miniraum  by  eare  and  practice. 

The  commonest  personal  error  in  leveling 
occurs  as  a  resu**  of  holding  the  level  rod  out  of 
plumb  Other  common  personal  errors  are  as 
follows: 

Failure  to  center  the  bubble  in  the  level  tube 
vial  exactly  when  the  instrument  is  being 
leveled. 


Failure  to  bring  the  image  of  the  crosshair 
and/or  image  of  the  rod  into  Uear  focus.  If  these 
images  are  out  of  focus,  the  reading  cannot  be 
made  with  exactness. 

Failure,  in  target  reading,  to  clamp  the  target 
or  the  upper  section  of  rod  securely  before 
making  the  reading,  so  that  the  target  or  upper 
section  of  rod  changes  position  lightly  before 
the  reading  is  made. 

Most  personal  errors  can  be  reduced,  but 
they  cannot  be  eliminated  entirely.  Mistakes, 
however,  can  and  must  be  avoided.  Common 
mistakes  made  in  leveling  arc: 

Setting  the  rod  on  the  wrong  B.M.  or  T.P., 
or  on  a  point  mistaken  for  a  B  M.  or  T.P. 

Misreading  the  rod. 

Recording  readings  incorrectly,  such  as 
recording  the  right  figures  in  the  wrong  column 
or  the  wrong  figures  iu  the  right  one. 

Incorrect  computing.  This  includes,  besides 
all  the  common  types  of  arithmetical  mistakes, 
the  common  mistakes  of  subtracting  instead  of 
adding  the  B.S.  or  adding  instead  of  subtracting 
a  F.S+  To  avoid  this,  it  is  a  good  idea  to  develop 
the  habit  of  calling  a  B.S.  a  ''plus-sight' T  and  a 
F.S+  a  "minus-sight." 


GRADING 

The  term  GRADE  is  used  in  several  different 
senses  in  construction.  In  one  sense  it  refers  to 
the  steepness  of  a  slope,  a  slope,  for  example, 
which  rises  3  vertical  ft  for  every  100  horizontal 
ft  has  a  grade  of  3  percent.  Although  the  term 
"grade"  is  commonly  used  in  this  sense,  the 
more  accurate  term  for  indicating  steepness  of 
slope  is  GRADIENT. 

In  another  sense,  the  term  "grade"  simply 
means  surface.  On  a  wall  section,  for  example, 
the  line  which  indicates  the  ground  surface  level 
outside  the  building  is  marked  GRADE  or 
GRADE  LINE. 

The  elevation  of  a  surface  at  a  particular 
point  is  a  GRADE  ELEVATION.  A  grade 
elevation  may  refer  to  an  existing,  natural  earth 
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surface  or  a  hub  or  stake  used  as  a  reference 
pointt  in  which  case  the  elevation  is  that  of 
EXISTING  GRADE  or  EXISTING  GROUND; 
or  it  may  refer  to  a  proposed  surface  to  be 
created  artificially,  in  which  case  the  elevation  i$ 
that  of  PRESCRIBED  GRADE,  PLAN  GRADE, 
or  FINISHED  GRADE. 

Grade  elevations  of  the  surface  area  around  a 
structure  are  indicated  on  the  plot  plan-  Because 
a  natural  earth  surface  is  usually  irregular  in 
contour,  existing  grade  elevations  on  such  a 
surface  axe  indicated  by  CONTOUR  LINES  on 
the  plot  plan-that  is,  by  lines  which  indicate 
points  of  equal  elevation  on  the  ground. 
Contour  lines  which  indicate  existing  grade  are 
usually  made  dotted;  however,  existing  contour 
lines  on  maps  are  sometimes  represented  by 
SOLID  LINES.  If  the  prescribed  surface  to  be 
created  artificially  will  be  other  than  a 
horizontal-plane  surface,  prescribed  grade 
elevations  will  be  indicated  on  the  plot  plan  by 
solid  contour  lines. 

On  a  level  horizontal-plane  surface,  the 
elevation  is  the  same  at  all  points.  Grade 
elevation  of  a  surface  of  this  kind  cannot  be 
indicated  by  contour  lines*  because  each  contour 
line  indicates  an  elevation  different  from  that  of 
each  other  contour  line.  Therefore,  a  prescribed 
level  surface  area,  to  be  artificially  created,  is 
indicated  on  the  plot  plan  by  outlining  the  area 
and  inscribing  inside  the  outline  the  prescribed 
elevation,  such'  as  MFirst  Floor  Elevation 
127.50  ft. »* 


BUILDING  LAYOUT 

Before  foundation  and  footing  excavation 
for  a  building  can  begin,  the  building  lines  must 
be  laid  out  to  determine  the  boundaries  of  the 
excavations.  Points  shown  on  the  plot  plan,  such 
as  building  comers  are  located  at  the  site  from  a 
system  of  HORIZONTAL  CONTROL  points 
established  by  the  battalion  EA's.  This  system 
consists  of  a  framework  of  stakes,  driven  pipes, 
or  other  markers,  located  at  points  of  known 
horizontal  location.  A  point  in  the  structure, 
such  as  a  building  comer,  is  located  on  the 
ground  by  reference  to  one  or  more  nearby 
horizontal  control  points. 


We  cannot  describe  here  all  the  methods  of 
locating  a  point  with  reference  to  a  horizontal 
control  point  of  &  known  horizontal  location. 
We  will  take  as  an  illustrative  example  the 
situation  shown  in  figure  6-19.  This  figure  shows 
two  horizontal  control  points,  consisting  of 
MONUMENTS  A  and  B.  The  term  Mmonu- 
ment/'  incidentally,  doesn't  necessarily  mean  an 
elaborate  stone  or  concrete  structure.  In  struc- 
tural horizontal  control,  it  simply  means  any 
relatively  permanently  located  object,  either  ar- 
tificial, such  as  a  driven  length  of  pipe  ornatural, 
such  as  a  tree,  of  known  horizontal  location. 

In  figure  6-19  the  straight  line  from  A  to  B  is 
a  control  BASE  LINE,  from  which  the  building 
corners  of  the  structure  -an  be  located.  Corner 
E,  for  example,  can  be  located  by  first 
measuring  15  ft  along  the  base  line  from  A  to 
locate  point  C,  then  measuring  off  35  ft  on  CE, 
laid  off  at  90°  to  (that  is,  perpendicular  to)  AB. 
By  extending  CE  another  20  ft,  you  can  locate 
building  corner  F.  Corners  G  and  H  can  be 
similarly  located  along  a  perpendicular  run  from 
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point  D,  which  is  itself  located  by  measuring 
55  ft  along  the  base  line  from  A, 

PERPENDICULAR  BY 
PYTHAGOREAN  THEOREM 

The  easiest  and  most  accurate  to  locate 
points  on  a  line  or  to  turn  a  given  angle,  such  as 
90*  from  one  lino  to  another  is  by  the  use  of  a 
surveying  instrument  called  a  TRANSIT. 
However,  if  you  do  not  have  a  transit,  you  can 
locate  the  comer  points  by  tape  measurements 
by  applying  the  Pythagorean  theorem.  First 
stretch  a  cord  from  monument  A  to  monument 
B,  and  locate  points  C  and  D  by  tape 
measurements  from  A  Now*  if  you  examine 
figure  6-19,  you  will  obseive  that  straight  lines 
connecting  points  C,  D,  and  E  would  form  a 
right  triangle  with  one  side  40  ft  long  and  the 
adjacent  side  35  ft  long.  By  the  Pythagorean 
theorem,  the  length  of  the  hypotenuse  of  this 
triangle  {the  line  ED)  would  equal  the  square 
root  of  352  +402,  which  is  about  53 J  ft 
Because  the  figure  EGCD  is  a  rectangle,  the 
diagonals  both  ways  (ED  and  CG)  are  equal; 
therefore,  the  line  from  C  to  G  should  also 
measure  53.1  ft.  If  you  have  one  person  hold  the 
53,I-ft  mark  of  a  tape  on  D,  have  another  hold 
the  35*ft  mark  of  another  tape  on  C>  and  have  a 
third  person  walk  away  with  the  joined  0-ft 
ends,  when  the  tapes  come  taut  the  jointed  0-ft 
ends  will  He  on  the  correct  location  for  point  E, 
The  same  procedure*  but  this  time  with  the 
53.1-ft  length  of  tape  running  from  C  and  the 
35-ft,  length  running  from  D*  will  locate  comer 
point  G.  Comer  points  F  and  H  can  be  located 
by  the  same  process,  or  by  extending  CE  and 
DG  20  ft. 


PERPENDICULAR  BY 
3;4;5  TRIANGLE 


If  you  would  rather  avoid  the  square  root 
calculations  required  in  the  Pythagorean 
theorem  method*  you  can  apply  the  basic  fact 
that  any  triangle  with  rides  in  the  proportions  of 
3:4:5  is  a  right  triangle,  In  locating  poirit  E,  you 
know  that  this  point  lies  35  ft  from  C  on  a  line 
perpendicular  to  the  base  line.  You  also  know 
that  a  triangle  with  sides  30  and  40  ft  long  and  a 
hypotenuse  50  ft  long  is  a  right  triangle* 


To  get  the  40-ft  side,  you  would  measure  off 
40  ft  from  C  along  the  base  line;  in  figure  6-19, 
the  segment  from  C  to  D  happens  to  measure 
40  ft.  Now  if  you  run  a  50-ft  tape  from  D  and  a 
30-ft  tape  from  C,  the  joined  ends  will  lie  on  a 
line  perpendicular  from  the  base  line*  30  ft  from 
C  Drive  a  hub  at  this  point,  and  extend  the  line 
to  E  (5  more  ft)  by  stretching  a  cord  from  C 
across  the  mark  on  the  hub* 

BATTER  BOARDS . 

Hubs  driven  at  the  exact  locations  of 
building  comers  will  be  disturbed  as  soon  as  the 
excavation  for  the  foundation  begins*  To 
preserve  the  comer  locations*  and  also  to 
provide  a  reference  for  measurement  down  to 
the  prescribed  elevations,  BAITER  BOARDS 
are  erected*  as  shown  in  figure  6-20. 
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Each  pair  of  boards  is  nailed  to  three  2  by  4 
corner  stakes,  as  shown.  The  stakes  are  driven 
far  enough  outside  the  building  lines  so  that 
they  will  not  be  disturbed  during  excavating. 
The  top  edges  of  the  boards  are  located  at  a 
specific  elevation ,  usually  som e  convenient 
number  of  whole  ft  above  a  significant 
prescribed  elevation  such  as  that  of  the  top  of 
the  foundation.  Cords  located  directly  over  the 
lines  through  comer  hubs,  placed  by  holding 
plumb  bobs  on  the  hubs,  are  nailed  to  the  batter 
boards.  Figure  6-20  shows  how  a  comer  point 
can  be  located  in  the  excavation  by  dropping  a 
plumb  bob  from  the  point  of  intersection 
between  twoconds. 

In  addition  to  their  function  in  horizontal 
control,  batter  boards  are  also  used  for  vertical 
control  The  top  edge  of  a  batter  board  is  placed 
at  a  specific  elevation.  Elevations  of  features  in 
the  structure,  such  as  foundations  and  floors, 
may  be  located  by  measuring  downward  or 
upward  from  the  cords  stretched  between  the 
batter  boards. 

You  should  always  make  sure  that  you  have 
complete  information  as  to  exactly  what  lines 
and  elevations  are  indicated  by  the  batter 
boards- 
It  should  be  emphasized  to  your 
Crewmembers  to  exercise  extreme  caution  while 
working  around  batter  boards.  If  they  are 
damaged  or  moved  additional  work  will  be 
required  to  replace  them  and  to  relocate 
reference  points. 


CLEARING  PRIOR 
TO  EXCAVATION 

During  clearing  operations,  appropriate 
protective  equipment,  such  as  hard  hats,  goggles, 
and  safety  shoes  or  boots  must  be  worn  by 
workers  at  all  times  for  protection  against 
injuries  in  all  kinds  of  weather  and  under  all 
conditions.  Protective  equipment,  such  as 
carrying  cases  and  deaths,  should  be  used  at  all 
times  for  sharp-edged  tools*  Ample  working 
space  should  be  given  for  persons  using  axes, 
machetes  or  other  sharp-edged  tools  in  hacking 


and  clearing  underbrush*  such  as  vines  and  small 
trees.  All  people  should  stand  clear  of  all  moving 
machinery.  When  operations  are  conducted  at 
night,  adequate  illumination  must  be  provided 
either  in  the  form  of  floodlights  (trailer- 
mounted)  or  by  general  lighting  of  the  work  area. 

All  trees  in  the  area  should  be  thoroughly 
inspected  for  quality  before  felling.  They  should 
be  inspected  for  rot,  hollow  cores,  dead  or 
entangled  limbs  or  othei  factors  which  might 
present  a  hazard  in  felling.  Trees  which  could 
possibly  present  a  hazard  should  be  felled  under 
the  supervision  of  the  project  supervisor.  These 
trees  are  never  felled  with  a  power  chain  saw. 

People  engaged  in  felling  trees  should  look 
over  the  area  carefully  before  starting,  and 
mentally  note  the  existing  avenues  of  escape.  In 
particular,  operators  of  chain  saws  must  be 
cautious  when  felling  trees.  All  trees  must  be 
properiy  undercut  before  felling,  with  a  deep 
"Vf>  grooved  notch  on  the  side  in  the  direction 
tte  tree  is  to  fall.  A  loud  warning  call, 
'TIMBER/'  must  be  given  at  the  time  of  the 
felling  to  warn  alt  persons  in  the  danger  area. 
Except  in  an  emergency,  working  in  or  on  trees 
during  high  winds  is  prohibited  and  then  only 
under  direct  supervision.  Before  felled  trees  are 
trimmed,  they  should  be  property  secured  from 
rolling  by  chocking  or  other  means  to  prevent 
them  from  rolling. 


BURNING 


Burning  operations  must  be  kept  under  strict 
control  and  not  left  u*nttended.  They  must 
always  be  conducted  in  the  clear,  where  the  fire 
will  not  ignite  leaves,  dry  wooded  areas,  or 
nearby  buildings.  Oewmembers  should  not 
stand  in  the  smoke.  Firing,  punching,  and 
placing  of  material  for  burning  should  be  done 
from  the  windward  side.  This  is  especially 
important  when  poison  dak,  poison  sumac,  or 
poison  ivy  is  being  burned,  Crewmembers  should 
never  use  flammable  liquids  on  piles  of  material 
which  are  burning  or  smoldering.  All  burning  or 
smoldering  material  must  be  completely 
extinguished  before  the  crew  leaves  the  scene. 
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POISONOUS  PLANTS 

When  handling  poisonous  plants,  crew- 
members  should  always  wear  heavy  gloves 
and  clothing.  Persons  who  comein  contact  with 
poison  ivy,  poison  oak,  or  sumac,  should  swab 
the  skin  with  alcohol  and  then,  scrub  it  with 
laundry  soap  and  water.  A  brush  or  rough  cloth 
is  not  used  because  it  might  irritate  the  skin  and 
increase  the  danger  of  poisoning.  The  clothing 
worn  by  these  persons  should  be  cleaned  daily. 
When  personnel  are  burning  poisonous  vines,  it 
is  important  that  they  keep  away  from  the 
smoke  to  avoid  inhalation  of  poisonous  fumes. 
Also,  they  should  consult  a  medical  officer  if 
infection  develops  after  contact  with  poisonous 
plants.  Self-medication  with  poisonous  plant 
immunization  or  desensitization  extracts  should 
never  be  undertaken.  Persons  wt*o  are  extremely 
sensitive  to  these  poisons  should  be  transferred 
to  other  jobs. 

SAFETY 

Where  applicable,  Federal,  state,  or  local 
codes,  rules,  regulations,  and  ordinances 
governing  any  and  all  phases  of  excavation  work 
should  be  observed  at  all  times. 

Every  effort  should  be  made  before 
excavating  to  determine  whether  or  not  sewers, 
utility  tines,  fuel  tanks,  and  the  like  have  been 
installed  in  the  area.  If  so,  they  should  be 
located  from  blueprints,  when  available,  or  by 
careful  probing  and  digging.  When  uncovered* 
lines  should,  be  properly  supported  and 
protected.  Before  excavation  is  started*  trees, 
boulders,  and  other  surface  obstructions  that 
create  a  hazard  at  any  time  during  operations 
must  be  removed* 

If  the  stability  of  adjoining  buildings  or  walls 
is  endangered  by  excavations,  necessary  shoring, 
bracing,  or  underpinning  must  ^e  provided  to 
insure  their  stability,  Such  shoring,  bracing  or 
underpinning  should  fee  frequently  inspected  by 
a  competent  person  and  the  protection 
effectively  maintained.  If  it  is  necessary  to 
operate  or  place  power  shovels,  derricks,  trucks, 
materia],  or  other  heavy  objects  on  a  level  above 
and  near  an  excavation,  the  side  of  the 
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excavation  must  be  sheet-piled*  shored,  and 
braced  as  necessary  to  resist  the  extra  pressure. 
Wherever  any  side  of  an  excavation  is  a  masonry 
wall,  the  wall  should  be  braced  to  insure 
stability.  Reinforced  concrete  walls  known  to  be 
of  ample  strength  do  not  require  bracing. 
Temporary  sheet  Piling  which  has  been  installed 
to  permit  the  construction  of  a  retaining  wall 
must  not  be  removed  until  the  wall  has  acquired 
full  strength. 

Except  in  hard  rock,  excavations  below  the 
level  of  the  base  or  footing  of  any  foundation  or 
retaining  wall  should  not  be  permitted  unless  the 
wall  is  underpinned  and  all  other  precautions 
taken  to  insure  the  stability  of  the  adjacent  walls 
for  the  protection  of  the  crewmembers. 
Undercutting  of  earth  banks  should  not  be 
permitted  unless  they  are  adequately  shored. 
Excavations  st*  uld  be  inspected  after  every  rain, 
storm  or  other  nazard-in creasing  occurrence,  and 
any  protection  against  slides  and  cave-ins 
increased  if  necessary.  All  fixed-in-place  ladders 
and  stairways  giving  access  to  levels  20  or  more 
ft  apart  should  be  provided  with  landing 
platforms  at  vertical  intervals  of  not  more  than 
20  ft.  Every  landing  platform  should  be 
equipped  with  standard  railings  and  toeboards. 

Particular  attention  should  be  given  to 
shoring  of  trenches,  especially  if  there  are 
roadways  or  railroad  lines  in  the  vicinity  of  the 
excavation  or  if  personnel  are  to  work  in  the 
trench.  In  the  following  paragrapns,  provisions 
for  shoring  and  bracing  of  excavations  should 
apply,  except  when  the  full  depth  of  the 
excavation  is  in  stable  solid  rock,  hard  slag,  or 
hard  shale,  or  the  shoring  plan  has  been  designed 
by  the  engineering  office. 

The  sides  of  excavations  4  ft  or  more  in 
depth  or  in  which  the  soil  is  so  unstable  that  it  is 
not  considered  safe  even  at  lesser  depths  should 
be  supported  by  substantial  and  adequate  sheet 
piling,  bracing,  shoring,  etc,  or  the  sides  sloped 
to  the  angle  of  repose.  Surface  areas  adjacent  to 
the  sides  should  be  well  drained*  Trenches  in 
partly  saturated,  filled*  or  unstable  soils,  should 
be  suitably  braced. 

Excavated  or  other  material  must  not  be 
stored  closer  than  2  ft  from  the  edge  of  a  trench* 
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In  the  case  of  extremely  deep  trenches,  material 
should  be  stored  farther  away  than  2  ft.  The  safe 
t  storage  distance  is  in  proportion  to  the  depth  of 
the  trench;  the  deeper  the  trench  the  farther 
away  the  material  should  be  stored.  Where  both 
pedestrian  and  vehicular  traffic  are  to  be 
maintained  over  or  adjacent  to  excavations, 
proper  safeguards  should  be  provided,  such  as 
walkways,  bridges,  guardrails,  barricades, 
warning  flags  and  lights. 

Where  an  excavation  is  close  to  a  cut, 
particularly  when  nearer  to  the  cut  than  its 
depth,  special  shoring  should  be  used.  Persons 
working  in  deep  trenches  should  wear  hardhats 
as  a  protection  against  falling  material.  Access  to 
excavations  over  5  ft  deep  should  be  by  ramps, 
ladders,  stairways,  or  hoists*  Crewmembers 
should  not  jump  into  the  trench  nor  use  the 
bracing  as  a  stairway. 

No  tools,  materials,  or  debris  should  be  left 
on  walkways,  ramps,  struts,  Or  near  the  edge  of 
an  excavation.  Such  material  might  be  knocked 
off  or  cause  persons  to  lose  their  footing. 
Personnel  working  in  trenches  with  picks  and 
shovels  must  keep  sufficient  distance  apart  so 
they  cannot  injure  each  other  with  their  tools. 


and  subfiU.  After  this  earth  is  removed,  further 
earth  may  have  to  be  removed  for  footings 
under  the  foundation  walls.  This  type  of 
earth-removal  is  generally  known  as  EXCA- 
VATING. 

To  estimate  the  cubic  yards  of  earth  that 

you  may  have  to  remove  for  a  basement, 

foundation,  or  footing,  simply  multiply  the 

fength  by  the  width  by  the  depth.  Should  the 

depth  vary  because  the  ground  raises  and  falls, 

use  an  average  of  the  depths  at  the  four  corners 

of  the  excavation  or  at  other  points  where  the 

depth  may  vary.  For  example,  if  the  excavation 

is  to  be  24  ft  wide  by  36  ft  long  and  is  to  be  on 

a  slope  where  the  depths  at  the  comers  are  3  ft, 

3  5  ft,  5  ft,  and  3  ft;  add  the  four  comers 

together  and  then  divide  by  4.  This  gives  you 

■  3'  +  3.5' 5'  +  8'  _  19S_  AQff  ^  _ 
i.e.,   ^  =    ^   =  4.9  it  average 

depth  to  be  excavated.  Therefore,  36  ft  by  24  ft 
by  4,9  ft  equa1?  4234  cu  ft.  You  then  divide 
4234  cu  ft  by  27cuft  to  obtain  15;cuyd  of 
material  to  be  excavated. 

If  the  excavation  is  to  be  extremely  long,  it 
may  be  necessary  to  divide  the  excavation  into 
smaller  sections  and  figure  the  cuyA  for  each 
section  separately. 


Extra  care  should  be  used  in  excavating 
around  gas  mains,  oil  tanks,  gasoline  or  oil  pipe 
lines,  etc.  Smoking  or  open  fires  of  any  kind  are 
prohibited  in  places  where  gaseous  conditions 
are  suspected.  The  air  should  be  tested  in  such 
places  and,  if  gas  is  present  ventilation  should 
be  provided  by  portable  blowers  or  other 
satisfactory  methods. 


EXCAVATING 

Generally  speaking,  grading  means,  the 
earthmoving  required  to  create  a  surface  of 
desired  grade  elevation  at  and  adjacent  to  the 
place  where  a  structure  will  be  erected.  After 
this  has  been  accomplished,  further  earthmoving 
is  usually  required.  If  the  structure  is  to  have  a 
below-grade  basement,  earth  lying  within  the 
building  lin<is  must  be  removed  down  to  the 
prescribed  finished  basement  floor  elevation, 
plus  the  thickness  of  the  basement  floor  paving 


DIMENSIONS  OF  EXCAVATIONS 

The  dimensions  of  cellar  or  basement 
excavations  are  given  in  the  specifications  which 
usually  have  something  like  the  following: 

Excavations  shall  extend  2'  0"  outside  of  all 
basement  wall  planes  anj  to  9"  below  finished 
planes  of  basement  floor  levels. 

The  2  ft  space  is  the  customary  allowance 
made  for  working  space.outside  the  foundation 
waits.  It  must  be  backfilled  after  the  foundations 
have  set.  The  9  in.  below  finishe<1  planes  of 
basement  floor  levels  is  the  usual  allowance  for 
basement  floor  thickness,  usually  about  3  in., 
plus  the  thickness  of  the  cinder  Or  other  fill 
placed  under  the  basement  floor,  usually  about 
6  inches. 

The  actual  depth  below  grade  to  which  a 
basement  excavation  must  be  carried  is 
determined  by  the  study  of  a  wall  section,  lik* 
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the  one  shown  in  figure  6*21.  This  section  shows 
that  the  depth  of  the  basement  excavation 
would  in  this  case  equal  8  ft  0  in.,  the  vertical 
distance  between  the  basement  and  the  first 
floor  finished  planes,  minus  1  ft  6  in.  (vertical 
distance  between  the  surface  gratle  ^nd  the  first 
floor  finished  plane),  plus  9  in.  (3  in.  pavement 
floor  plus  6  in,  cinder  fill),  or  a  total  of  7  ft  3  in. 
below  surface  grade. 

The  top  of  the  footing  comes  level  with  the 
top  of  the  6-in.  cinder  fill.  However,  the  footing 
is  2  in.  deeper  than  the  fill.  Therefore,  the 
footing  excavation  should  be  carried  2  in.  lower 
than  the  basement  fioorelevation  or  to  7  ft  5  in. 
below  grade. 

If  a  specific  elevation  were  prescribed  for  the 
finished  floor  line,  then  the  basement  floor  and 
footing  excavation  would  be  carried  down  to  the 
corresponding  elevation,  without  reference  to 
surface  grade.  Suppose,  for  example,  that  the 


I 
I 
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117,42 

Figure  6-21  wctioti,  showing  axcavation  depth 

data. 


specified  elevation  for  the  finished  first  floor 
line  were  163.50  ft.  Obviously,  the  elevation  to 
which  the  basement  floor  .levation  would  be 
carrier  would  be  163.50 -(8  ft  +  3  in,  +  6  in.),  or 
163.50 -(8  ft  +  0,2*;  ft +  0.50  ft),  or  154.75  ft. 
The  elevation  to  which  t'^c  footing  excavation 
would  be  carried  would  be  163.50  ft  -  8  ft  + 
0.25  ft +  0.67  ft),  or  154.5Cft.  Suppose  the 
batter  board  cords  were  at  an  elevation  of 
165.00  ft.  Then  the  vertical  distance  from  the 
cords  to  the  bottom  of  the  basement  floor 
excavation  would  be  165.00  ft  -  154.75  ft,  or 
10.25  ft,  or  10  ft  3  in.  The  vertical  distance 
from  the  cords  to  the  bottom  of  the  footing 
excavation  would  be  165.00*  154,58,  or 
10.42  ft,  or  10  ft  5  inches. 

Excavations  should  never  be  carried  below 
the  proper  depths.  If  a  basement  floor  or  footing 
excavation  is  by  mischance  so  carried,  the  error 
should  not  ordinarily  be  corrected  by  refilling.  It 
is  almost  impossible  to  attain  the  necessary 
load-bearing  density  by  comoacting  the  refill 
unless  special,  carefully  controlled  procedures 
are  used.  For  a  basement  floor  excavation,  a 
relatively  small  error  should  be  corrected  by 
increasing  the  vertical  dimension  of  the  subfloor 
fill  by  the  amount  of  the  error.  For  a  footing 
excavation,  the  error  should  be  corrected  by 
increasing  the  vertical  dimension  of  the  footing 
by  the  amount  of  the  error.  Both  of  these 
corrections  mean  additional  and  unnecessary 
expense  for  the  extra  material  and  added  labor 
costs. 

PREVENTION  OF  SLIDES 
AND  CAVE-INS 

When  your  work  involves  excavation,  there 
are  definite  precautious  diat  you  should  observe 
to  prevent  accidents. 

To  avoid  slides  or  cave-ins,  the  sides  of 
excavations  4  ft  or  more  in  depth  should  be 
supported  by  substantial  and  adequate 
sheathing,  sheet  pilin5>  bracing,  shoring,  etc.,  or 
the  sides  sloped  to  the  angle  of  repose.  The  angle 
of  repose  is  the  angle,  measured  from  the 
horizontal,  of  the  natural  slope  of  the  side  of  a 
pile  of  granular  material  formed  by  pouring 
grains  of  particles  through  a  funnel,  practically 
without  impact.  The  angle  of  rep-*«e  varies  with 
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the  moisture  content  and  the  type  of  earth  or 
other  material.  For  ordinary  earth*  the  angle  of 
repose  varies  from  about  20  to  45  degrees, 
corresponding  to  slopes  of  from  about  2,8: 1  to 
1:K  The  sides  of  an  excavation  do  not  consist  of 
poured  particles,  however;  many  types  of  earth, 
because  of  their  cohesive  qualities*  will  stand 
vertically  without  failure.  But  because  of  the 
nonuniformity  of  most  soils,  the  times  and 
places  of  local  and  intermittent  cave-ins  and 
slides  cannot  ordinarily  be  predicted.  Therefore* 
it  is  conservative  and  safe  to  require  laying  the 
bank  back  to  the  angle  of  repcx  or  the  natural 
slope  of  the  material  being  excavated. 

It  is  seldom  practical  to  slope  the  sides  of 
foundation  and  footing  excavations  to  the  angle 
of  repose.  Therefore,  any  such  excavation  4  ft 
deep  or  more  must  be  supported  as  specified. 
Many  people  wonder  about  this*  in  view  of  the 
fact  that  most  adults  are  a  good  deal  more  than 
4  ft  tall.  The  reason  lies  in  the  fact  that  a  person 
needs  to  be  buried  ONLY  TO  CHEST  LEVEL  to 
suffocate  in  a  cave-in.  The  pressure  against  the 


chest  makes  breathing  impossible,  and  if  the 
chest  is  not  freed  within  a  minute  or  two,  the 
person  will  suffocate*  even  though  the  head  and 
shoulders  are  out  in  the  air.  This  is  a  terrible  way 
to  die,  and  people  die  this  way*  somewhere  in 
the  world,  in  an  excavation  which  :houid  have 
been  supported  but  which  was  not  neaHy  every 
day- 

Shes  thing 

SHEATHING  consists  of  wooden  planks* 
placed  edge-to-edge*  either  horizontally  or 
vertically.  Horizontal  planking  is  used  for 
excavations  with  plane  faces,  vertical  planking 
when  it  is  necessary  to  follow  curved  faces. 
Sheathing  is  supported  by  longitudinal  WALES 
or  RANGERS  which  are  nailed  to  the  sheathing 
and  which  bear  against  transverse  SHORES  or 
BRACES. 

Sheathing  must  be  progressively  installed 
and  braced  as  every  4-ft  stage  of  depth  is 
reached.  Vertical  and  horizontal  wood  sheathing 
are  illustrated  in  figure  6-22, 


HORIZONTAL 


Frgurfl  d-22.-V*rticflI  end  horizontal  shsetfting. 
6-23 
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Wooden  Sheet  Piling 

WOODEN  SHEET  PILING  (fig.  6-23)  is 
driven  before  the  excavation  begins.  Wooden 
sheet  piling  consists  of  2~,  3*,  or  44n*  planks, 


beveled  at  the  lower  end  to  facilitate  penetration 
of  the  soil.  Also,  the  lower  ends  are  cut  at  an 
angle*  as  shown  in  View  A,  fig.  6-23>  so  as  to 
cause  the  edge  of  the  pile  being  driven  to  bear 
against  the  edge  of  the  one  previously  driven. 


TEMPORARY 


SHEET  PILING 
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Obviously  >  care  must  be  taken  to  place  a  pile 
with  this  angle  inclined  in  the  proper  direction. 
The  bevel  on  the  tower  end-edge>  toormust  face 
toward  the  excavation.  As  a  pile  is  driven,  it 
tends  to  slant  off  in  the  direction  away  from  the 
beveL  If  the  bevel  is  incorrectly  turned  away 
from  the  excavation,  the  excavation  will 
progressively  narrow,  as  shown  in  View  E,  fig. 
6-23. 

in  WAKEFIELD  sheet  piling,  each  pile 
consists  of  three  planks,  bolted  together  with 
the  center  plank  offset  for  tongue-and-groove 
joining,  as  shown  in  View  Bt  fig,  6-23. 

To  set  wooden  piles  for  driving,  you  first  dig 
a  shallow  notch  along  the  excavation  line,  wide 
enough  to  admit  the  bottoms  of  the  piles  and 
deep  enough   to   hold  them  upright  For 


additional  upright  support,  lay  pairs  of  wales 
along  the  notch  and  stake  them  in  position.  If 
the  piles  are  too  long  to  stand  this  way,  the 
wales  must  be  braced  in  an  elevated  position. 

In  favorable  soil,  a  2-in,  sheet  pile  can  be 
driven  to  a  depth  of  about  16  ft*  a  3-in,  sheet 
pile  to  about  24  it,  and  a  4-in*  sheet  pile  to 
about  32  ft.  When  piles  are  too  short  to  cover 
full  excavation  depth,  they  are  driven  in  stages 
called  SECTIONS,  as  shown  in  View  D>  fig, 
6*23, 

The  removal  of  the  material  near  the 
foundations  of  a  structure  may  threaten  the 
stability  of  the  foundations.  When  this  is  a 
possibility  >  temporary  supports  must  be 
provided  before  excavation  reaches  the 
dangerous  stage. 


CHAPTER  7 


CONCRETE 


This  chapter  provides  information  and 
guidance  for  the  Builder  engaged  in  or 
responsible  for  concrete  construction  using  the 
natural  resource-  available.  It  includes 
information  on  materials,  mix  design, 
production,  placement,  finishing,  and  curing 
concrete- 

♦Information  is  given  on  the  procedures  used 
in  cutting,  forming,  placing,  and  typing 
reinforcing  steel  for  placement  in  concrete 
footings,  walls,  columns*  beams,  and  overhead 
slab  forms. 

Information  on  the  principles  of  operating 
and  maintaining  concrete  pumping  machines  is 
also  given  in  this  chapter. 

Safety  precautions  must  be  rgidly  obseived 
in  concrete  operations,  particularly  in  the 
placement  ot  concrete  mix*  Safety  precautions 
will  be  noted  at  various  points,  where  applicable, 
throughout  the  chapter. 


CONCRETE  CHARACTERISTICS 

CONCRETE  is  a  synthetic  construction  ma* 
terial  made  by  mixing  CEMENT,  FINE  AGGRE- 
GATE (usually  sand),  COARSE  AGGREGATE 
(usually  gravel  or  crushed  stone)  and  WATER 
together  in  proper  proportions.  The  product  is 
not  concrete  unless  all  four  of  these  ingredients 
are  present.  A  mixture  of  cement,  sand,  and 
water,  without  coarse  aggregate,  is  not  concrete 
but  MORTAR  or  GROUT. 

The  fine  and  coarse  aggregate  in  a  concrete 
mix  are  called  the  INERT  ingredients;  the 


cement  and  water  are  the  ACTIVE  ingredients. 
The  inert  ingredients  and  the  cement  are 
thoroughly  mixed  together  first.  As  soon  as  the 
water  is  added,  a  chemical  reaction  between  the 
water  and  the  cement  begins,  aiid  it  is  this 
reaction  (which  is  called  HYDRATION)  that 
causes  the  concrete  to  harden. 

Always  remember  that  the  hardening  process 
is  caused  by  hydration  of  the  cement  by  the 
water,  not  by  the  DRYING  OUT  of  the  mix. 
Instead  of  being  dried  out,  the  concrete  must  be 
kept  as  moist  as  possible  during  the  initial 
hydration  process.  Drying  out  would  cause  a 
drop  in  water  content  below  the  amount 
required  for  satisfactory  hydration  of  the 
cement. 

The  fact  that  the  hardening  process  has 
nothing  ^whatever  to  do  with  the  drying  out  of 
the  concrete  is  clearly  shown  by  the  fact  that 
concrete  will  harden  just  as  well  under  water  as 
it  will  in  tile  air. 

CONCRETE  AS  BUILDING  MATERIAL 

Concrete  may  be  cast  into  bricks,  blocks, 
and  other  relatively  small  building  units  which 
are  used  in  concrete  MASONRY  construction 
which  is  covered  in  the  next  chapter.  This 
chapter  is  concerned  with  the  concrete  itself  and 
the  casting  of  larger  structural  components. 

The  proportion  of  concrete  to  other 
materials  used  in  building  construction  Has 
greatly  increased  in  recent  years,  to  the  point 
where  large,  multistory  modern  buUdings  are 
constructed  entirely  of  concrete,  with  concrete 
footings,  foundations,  columns,  walls,  girders, 
beams,  joists,  floors,  and  roofs. 
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STRENGTH  OF  CONCRETE 

The  COMPRESSIVE  strength  of  concrete  is 
very  high,  but  its  TENSILE  strength  (meaning 
its  ability  to  resist  stretching,  bending,  or 
twisting)  *  is  relatively  low.  Consequently, 
concrete  which  must  resist  a  good  deal  of 
stretching,  bending,  or  twisting  such  as  concrete 
in  beams,  girders,  walls,  columns,  and  the  like 
must  be  REINFORCED  with  steel  Concrete 
which  must  resist  compression  only  may  not 
require  reinforcement. 

As  will  be  seen  later,  the  most  important 
factor  controlling  the  strength  of  concrete  is  the 
WATER-CEMENT  RATIO,  or  the  proportion  of 
water  to  cement  in  the  mix. 

DURABILITY  OF  CONCRETE 

The  DURABILITY  of  concrete  means  the 
extent  to  which  the  material  is  capable  of 
resisting  the  deterioration  caused  by  exposure  to 
service  conditions*  Ordinary  structural  concrete 
which  is  to  be  exposed  to  the  elements  must  be 
*  watertight  and  weather  resistant.  Concrete 
s*\which  is  subject  to  wear  such  as  floor  slabs  and 
pavements  must  be  capable  of  resisting  abrasion. 

It  has  been  found  that  the  m^jor  factor 
controlling  durability  is  strength -in  other 
words,  the  stronger  the  concrete  is,  the  more 
durable  it  will  be.  As  mentioned  previously,  the 
c  hie  f  factor  controlling  strength  is  the 
watercement  ratio,  but  the  character,  size,  and 
grading  (distribution  of  particle  sizes  between 
the  largest  permissible  coarse  and  the  smallest 
permissible  fine)  of  the  aggregate  also  have 
^important  effects  on  both  strength  and 
durability.  When  given  a  watercement  ratio 
which  will  produce  maximum  strength 
consistent  with  workability  requirements,  the 
maximum  strength  and  durability  will  still  not 
be  attained  unless  the  sand  and  coarse  aggregate 
you  use  consist  of  well-graded,  clean,  hard,  and 
durable  particles  free  from  undesirable 
substances,  (See  fig.  7-1.) 

WATERTIGHTNESS 
OF  CONCRETE 

The  iaea^concrete  mix  would  be  one  made 
with  just  the  amount  of  water  required  for 


complete  hydration  of  the  cement.  This  would 
be  a  DRY  mix,  however,  too  stiff  to  pour  in 
forms-  A  mix  which  is  fluid  enough  to  be  poured 
in  forms  always  contains  a  certain  amount  of 
water  over  and  above  that  which  will  combine 
with  the  cement,  and  this  water  will  eventually 
evaporate,  leaving  voids  or  pores  in  the  concrete. 

Even  so,  penetration  of  the  concrete  by 
water  would  still  be  impossible  if  these  voids 
were  not  interconnected.  They  are  inter* 
connected,  however,  as  a  result  of  a  slight 
sinking  of  solid  particles  in  the  mix  during  the 
hardening  period.  As  these  particles  sink,  they 
leave  waterfilled  channels  which  become  voids 
when  the  water  evaporates. 

The  larger  and  mors  numerous  these  voids 
are,  the  more  the  watertightness  of  the  concrete 
will  be  impaired.  Since  the  size  and  number  of 
the  voids  vary  directly  with  the  amount  of  water 
used  in  excess  of  the  amount  required  to 
hydrate  the  cement,  it  follows  that  to  keep  the 
concrete  as  watertight  as  possible,  you  must  not 
use  more  water  than  the  minimum  amount 
required  to  attain  the  necessary  degree  of 
workability, 

GENERAL  REQUIREMENTS 
FOR  GOOD  CONCRETE 

The  first  requirement  for  good  concrete  is, 
of  course,  a  supply  of  good  cement  of  a  type 
suitable  for  the  work  at  hand.  Next  is  a  supply 
of  satisfactory  sand,  coarse  aggregate,  and  water. 
Everything  else  being  equal,  the  mix  with  the 
best  graded  strongest,  best  shaped,  and  cleanest 
aggregate  will  make  the  strongest  and  most 
durable  concrete. 

The  amount  of  cement,  sand,  coarse 
aggregate,  and  water  required  for  each  batch 
must  be  carefully  weighed  or  measured  in 
accordance  with  NAVFAC  Specifications, 
TS-03300. 

Yhe  best  designed,  best  graded,  and  highest- 
quality  mix  in  the  world  will  not  make  good 
concrete  if  it  is  not  WORKABLE  enough  to  fill 
the  form  spaces  thoroughly.  On  the  other  hand, 
too  much  fluidity  will  result  in  certain  defects. 
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Improper  handling  during  the  whole  concrete- 
making  process  (from  the  initial  aggregate 
handling  to  the  final  placement  of  the  mix)  will 
cause  segregation  of  aggregate  particles  by  sizes, 
resulting  in  nonuniform*  poor  concrete. 

Finally,  the  best  designed,  best  graded, 
highest  quality,  and  best  placed  mix  in  the  world 
will  not  produce  good  concrete  if  it  i^  not 
properly  CURED -meaning,  properly  protected 
against  loss  of  moisture  during  the  earlier  stages 
of  setting. 


CONCRETE  INGREDIENTS 

The  essentia]  ingredients  of  concrete  are 
cement,  aggregate,  and  water.  A  mixture  of  only 
cement  and  water  is  called  cement  paste*  but 
such  a  mixture*  in  large  quantities,  is 
prohibitively  expensive  for  practical  construc- 
tion purposes. 

CEMENT 

Most  cement  used  today  is  PORTLAND 
cement,  which  is  usually  manufactured  from 
limestone  mixed  with  shale,  clay,  or  mari.  The 
properly  proportioned  raw  materials  are 
pulverized  and  fed  into  kilns,  where  they  are 
heated  to  a  temperature  of  2700°F  and 
maintained  at  that  temperature  for  a  certain 
time.  As  a  result  of  certain  chemical  changes 
produced  by  the  heat,  the  materia]  is 
transformed  into  a  clinker.  The  clinker  is  then 
ground  down  so  fine  that  it  will  pass  through  a 
sieve  containing  40,000  openings  per  square 
inch. 

Types 

There  are  a  number  of  types  of  Portland 
cement,  of  which  the  most  common  are  types  I 
through  Vand  air-entrained. 

References  to  cement  can  be  assumed  to 
mean  "portland  cement/'  which  is  the  primary 
type  used  in  concrete.  There  are  five  common 
types  of  Portland  cement  in  use  today.  The  type 
of  construction,  chemical  type  of  the  soil, 
economy,  and  the  requirements  for  use  of  the 


finished  concrete  are  factors  which  influence  the 
selection  of  the  type  of  cement  to  be  used.  The 
different  types  of  cement  are  discussed  below- 
Type  I  (normal  Portland  cement)  is  used  for 
all  general  types  of  construction.  It  is  used  in 
pavement  and  sidewalk  construction,  reinforced 
concrete  buildings  and  bridges,  railways,  tanks 
reservoirs,  sewers,  culverts,  water  pipes,  masonry 
units,  and  soil-cement  mixtures.  In  genera],  it  is 
used  when  concrete  is  not  subject  to  special 
sulfate  hazard  or  where  the  heat  generated  by 
the  hydration  of  the  cement  will  not  cause"  an 
objectionable  rise  in  temperature. 

Type  II  (modified  Portland  cement)  has  a 
lower  heat  of  hydration  than  type  I,  and  lower 
heat  generated  by  the  hydration  of  the  cement 
improves  resistance  to  sulfate  attack.  It  is 
intended  for  use  in  structures  of  considerable 
size  where  cement  of  moderate  heat  of 
hydration  will  tend  to  minimize  temperature 
rise,  as  in  large  piers,  heavy  abutments,  and 
heavy  retaining  walls. 

In  cold  weather  when  the  heat  generated  is 
helpful,  type  I  cement  may  be  preferable  for 
these  uses.  Type  II  cement  is  also  intended  for 
places  where  an  added  precaution  against  sulfate 
attack  is  important,  as  in  drainage  structures 
where  the  sulfate  concentrations  are  higher  than 
normal,  but  not  usually  severe. 

Type  III  (high-early-strength  Portland 
cement)  is  used  where  high  strengths  are  desired 
at  very  early  periods.  It  is  used  where  it  is 
desired  to  remove  forms  as  soon  as  possible*  to 
put  the  concrete  in  service  as  quickly  as  possible, 
and  in  cold  weather  construction  to  reduce  the 
period  of  protection  against  low  temperatures. 
High  strengths  at  early  periods  can  be  obtained 
more  satisfactorily  and  more  economically  using 
high-early-strength  cement  rather  than  using 
richer  mixes  of  type  I  cement.  Type  III  develops 
strength  at  a  faster  rate  than  other  types  of 
cement,  such  as:  28nJay  strength  for  types  I  and 
II,  which  is  reached  by  type  III  in  about  7  days, 
and  7-day  strength  for  types  I  and  II,  while  type 
III  takes  about  3  days. 

Type  IV  (low-heat  Portland  cement)  is  a 
special  cement  for  use  where  the  amount  and 
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rite  of  heat  generated  must  be  kept  to  * 
minimum.  TTiis  type  of  cement  was  first 
developed  for  use  on  the  Hoover  Dam*  It 
develops  strength  at  a  slow  rate  and  should  be 
cured  and  protected  from  freezing  for  at  least  21 
days.  For  this  reason  it  is  unsuitable  for 
structures  of  ordinary  dimensions*  and  is 
available  only  on  special  order  from  a 
manufacturer. 

Type  V(sulfate-reshtant  Portland  cement)  is 
a  cement  intended  for  use  only  In  structures 
exposed  to  high  alkali  content.  It  has  a  slower 
rate  of  hardening  than  normal  Portland  cement. 
The  sulfates  react  chemically  with  the  hydrated 
lime  and  the  hydrated  calcium  aluminate  in  the 
cement  paste.  This  reaction  results  in 
considerable  expansion  and  disruption  of  the 
paste.  Cements  which  have  a  low  content  of 
calcium  aluminate  have  a  great  resistance  to 
sulfate  attack.  Thus*  type  V  portland  cement  is 
used  exclusively  for  situations  involving  severe 
sulfate  concentrations. 

Air-entrained  Portland  cement  is  a  special 
cement  that  can  be  used  with  good  results  for  a 
variety  of  conditions*  It  has  been  developed  to 
produce  concrete  that  has  a  resistance  to 
freeze-thaw  action  <wd  scaling  caused  by 
chemicals  applied  for  severe  frost  and  ice 
removal.  In  this  cement*  very  small  quantities  of 
atr*entraining  materials  are  add^d  as  the  clinker 
is  being  ground  during  manufacturing.  Concrete 
made  with  this  cement  contains  minute, 
well-distributed  and  completely  separated  air 
bubbles.  The  bubbles  are  so  minute  that  it  is 
estimated  that  there  are  many  millions  of  them 
in  a  cubic  foot  of  concrete.  Air  bubbles  provide 
space  for  water  to  expand  due  to  freezing, 
without  damage  to  the  concrete.  Air*entrained 
concrete  has  been  used  in  pavements  in  the 
northern  states  for  about  25  years  with  excellent 
results,  Air*entrained  concrete  also  reduces  the 
amount  of  water  loss  and  the  capillary  and 
waterchannel  structure*  This  agent  may  be 
added  to  types  1,  II,  and  III  portland  cement. 
The  manufacturer  will  specify  the  percentage  of 
airentrainment  whic  i  can  be  expected  in  the 
concrete.  An  advantage  of  using  air*entrained 
cement  is  that  it  can  be  used  and  batched  tike 
normal  cement. 


Storage 

Portland  cement  is  packed  in  cloth  or  paper 
sacks*  each  of  which  contains  94  lb  of  cement.  A 
94-lb  sack  of  cement  amounts  to  about  1  cu  ft 
by  loose  volume. 

Cement  will  retain  its  quality  indefinitely  if 
it  does  not  come  in  contact  with  moisture.  If  it 
is  allowed  to  absorb  appreciable  moisture  in 
storage,  it  will  set  more  slowly  and  its  strength 
will  be  reduced.  Sacked  cement  should  be  stored 
in  warehouses  or  sheds  made  as  watertight  and 
airtight  as  possible.  All  cracks  in  roof  and  walls 
should  be  closed*  and  there  should  be  no 
opening  between  walls  and  roof  The  floor 
should  be  above  ground  to  protect  the  cement 
against  dampness.  All  doors  and  wind^vs  should 
be  kept  closed. 

Sacks  should  be  stacked  against  each  other 
to  prevent  circulation  of  air  between  them*  but 
they  should  not  be  stacked  against  outside  walls. ' 
If  stacks  are  to  stand  undisturbed  for  long 
i  n  t  er  vals,  they  should  be  covered  with 
tarpaulins. 

When  shed  or  warehouse  storage  cannot  be 
provided*  sacks  which  must  be  stored  in  the 
open  should  be  stacked  on  raised  platforms  and 
covered  with  waterproof  tarps.  The  tarps  should 
extend  beyond  the  edges  of  the  platform  so  as 
to  deflect  water  away  from  the  platform  and  the 
cement. 

Cement  sacks  which  have  been  stacked  in 
storage  for  long  periods  sometimes  acquire  a 
hardness  called  WAREHOUSE  PACK.  This  can 
usually  be  loosened  up  by  rolling  the  sack 
around.  No  cement  should  be  used  which  has 
lumps  or  is  not  free  flowing. 


AGGREGATE 


The  material  which  is  combined  with  cement 
and  water  to  make  concrete  is  called 
AGGREGATE.  Aggregate  helps  to  increase  the 
strength    of   concrete   while    reducing  the 
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shrinking  tendencies  of  the  cement.  Not  only 
does  aggregate  aid  in  the  strength  of  concrete, 
but  it  is  also  used  as  a  filler  for  economical 
purposes.  The  aggregate  is  divided  into  FINE 
(usually  consisting  of  sand)  and  COARSE.  For 
most  ordinary  building  concrete,  the  coarse 
aggregate  usually  consists  of  gravel  or  crushed 
stone,  running  not  more  than  about  1  l/2  in.  in 
size.  In  massive  structures  like  dams,  however, 
the  coarse  aggregate  may  include  natural  stones 
or  rocks  ranging  up  to  6  in.  or  more  i*  size. 

What  might  be  called  the  fundamental 
structural  mechanics  of  a  concrete  mix  are  about 
as  follows.  The  large,  solid  coarse  aggregate 
particles  form  the  basic  structural  members  of 
the  concrete.  The  voids  between  the  larger 
coarse  aggregate  particles  are  filled  by  smaller 
particles,  and  the  voids  between  the  smaller 
particles  are  filled  by  still  smaller  particles,  until 
finally  the  voids  between  the  smallest  coarse 
aggregate  particles  are  filled  by  the  largest  fine 
aggregate  particles.  In  turn,  the  voids  between 
the  largest  fine  aggregate  particles  are  filled  by 
smaller  fine  aggregate  particles,  the  voids 
between  the  smaller  fine  aggregate  particles  by 
still  smaller  particles,  and  so  on.  You  can  see 
from  this  that  the  better  the  aggregate  is 
GRADED  (that  is,  the  better  the  distribution  of 
particle  sizes),  the  more  solidly  all  voids  will  be 
filled,  and  the  denser  and  stronger  will  be  the 
concrete. 

The  cement  and  water  forms  a  paste  which 
binds'the  aggregate  particles  solidly  together 
when  it  hardens*  In  a  well  graded,  well 
designed,  and  well-mixed  batch,  each  aggregate 
particle  is  thoroughly  coated  with  the 
cement-water  paste,  so  that  each  particle  is 
solidly  bound  to  adjacent  particles  when  the 
cement-water  paste  hardens. 

The  existing  GRADATION,  or  distribution 
of  particle  sizes  from  coarse  to  fine,  in  a  supply 
of  fine  or  coarse  aggregate  is  determined  by 
extracting  a  representative  sample  of  the 
material,  screening  the  sample  through  a  series 
of  sieves  ranging  in  size  from  coarse  to  fine,  and 
determining  the  percentage  of  the  total  sample 
which  is  retained  on  the  fine  aggregate  sieve,  or 
which  passes  the  coarse  aggregate  sieve.  This 
procedure  is  called  making  a  SIEVE  ANALYSIS. 


The  size  of  a  fine  aggregate  sieve  is 
designated  by  a  number  which  corresponds  to 
the  number  of  meshes  to  the  linear  inch  that  the 
sieve  contains.  Obviously,  then,  the  higher  the 
number,  the  finer  the  sieve.  Any  material 
retained  on  the  No.  4  sieve  is  considered  coarse 
aggregate,  and  any  material  wluch  will  pass  the 
No.  200  sieve  is  too  fine  to  be  used  in  the 
making  of  concrete.  When  an  analysis  reveals  the 
presence  of  a  substantial  percentage  of  material 
which  will  pass  the  No.  200,  the  aggregate  must 
be  washed  before  being  used. 

The  finest  coarse-aggregate  sieve  is  the  same 
No.  4  used  as  the  coarsest  fine-aggregate  sieve. 
With  this  exception,  a  coarse-aggregate  sieve  is 
designated  by  the  size  of  one  of  its  openings. 
The  sieves  commonly  used  are  1  1/2  in.,  3/4  in., 
1/2 in., 3/8 inland  No.  4. 

Experience  and  experiments  have  shown 
that  for  ordinary  building  concrete,  certain 
particle  distributions  seem  consistently  to 
produce  the  best  results.  For  fine  aggregate,  the 
recommended  distribution  of  particle  sizes  from 
No.  4  to  No*  100  is  shown  in  table  7-1. 

The  percentages  given  are  CUMULATIVE, 
meaning  that  each  is  a  percentage  of  the  TOTAL 
SAMPLE,  not  of  the  amount  remaining  on  a 
particular  sieve.  For  example:  suppose  the  total 
sample  weighs  1  lb.  Place  this  on  the  No.  4 
sieve,  and  shake  the  sieve  until  nothing  more  will 


TaWe  7*1.- Recommended  Dittributton  of  Particle  Size* 


Percent  retained  on  square 

Sieve  Number 

mesh  laboratory  sieves 

3/8" 

0 

No.  4 

18 

No.  8 

27 

No.  16 

20 

No.  30 

20 

No.  50 

10 

NO.  100 

4 

117.178 
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go  through.  If  what  is  left  on  the  sieve  weighs 
0.05  lb,  then  5  percent  of  the  total  sample  was 
retained  on  the  No.  4  sieve.  Place  what  passed 
through  on  the  No.  8  sieve  and  shake  it.  Suppose 
you  find  that  what  stays  on  the  sieve  weighs 
ai  lb.  Since  0.1  lb  is  10  percent  of  I  lb,  it 
follows  that  10  percent  of  the  total  sample  was 
retained  on  the  No.  8  sieve. 

The  nominal  size  of  coarse  aggregate  to  be 
used  is  usually  specified  as  a  range  be*" '^en  a 
minimum  and  a  maximum  size.  For  e  umple 

2  in.  to  No.  4,  1  in.  to  No.  4>  2  in.  to  1  in.,  and 
so  on.  The  recommended  particle  size 
distributions  vary  with  maximum  and  minimum 
nominal  size  limits,  as  shown  in  table  7-2. 

A  blank  space  in  table  7-2  indicates  a  sieve 
which  is  not  required  in  the  indicated  analysis. 
For  example:  for  the  2-in.  to  No.  4  nominal  size, 
there  arc  no  values  listed  under  the  4-in.,  the 

3  l/2*in.,  and  the  3-in,  sieves.  The  reason  for  this 
is  that  since  100  percent  of  this  material  should 
pass  a  2  1/2-in.  sieve,  the  use  of  sieves  coarser 
than  2  1/2  in.  is  superfluous.  For  the  same  size 
designation,  there  are  no  values  listed  under  the 
1  1/2-in.,  the  3/4-in.,  and  the  3/8-in.  sieves.  This 
is  because  experience  has  shown  that  it  is  not 
necessary  to  use  these  sieves  in  making  this 
particular  analysis. 


Note  that  when  you  are  analyzing  coarse 
aggregate,  you  determine  the  percentage  of 
materia]  which  PASSES  a  sieve,  not  the 
percentage  which  is  retained  on  a  sieve. 

Quality  Criteria 


Since  from  66  to  78  percent  of  the  volume 
of  the  finished  concrete  consists  of  aggregate,  it 
is  imperative  that  the  aggregate  measure  up  to 
certain  minimum  quality  standards.  It  should 
consist  of  clean,  hard,  strong,  durable  particies 
which  are  free  of  any  chemicals  which  might 
interfere  with  hydration,  and  of  any  superfine 
materia]  which  might  prevent  bond  between  the 
aggregate  and  the  cement-water  paste.  The 
undesirable  substances  most  frequently  found  in 
aggregate  are  dirt,  silt,  clay,  coal,  mica,  salts,  and 
organic  matter.  Most  of  these  can  be  removed  by 
washing. 

Aggregate  may  be  field  tested  for  an  excess 
of  silt,  ciay,  and  the  like,  as  follows:  fill  a  quart 
jar  with  the  aggregate  to  a  depth  of  2  in.;  add 
water  until  the  jar  is  about  three-fourths  full; 
shake  the  jar  for  1  minute;  and  allow  it  to  stand 
for  1  hour  If  at  the  end  of  that  time  more  than 
1/8  in.  of  sediment  has  settled  on  the  top  of  the 


Table  7*2.— Recommended  Maximum  and  Minimum  Particle  Sizes 


Size 

oi 

coarse 


Percentages  by  weight  passing  laboratory  sieves  havtng  square  openings 


aggre- 
gate, 
Inches 

4- 
in. 

3  1/2 
In. 

3- 
in. 

2  1/2 
In. 

2- 
in. 

1  1/2 
in. 

I- 
in. 

3/4 
in. 

1/2 
in. 

3/8 
in. 

No. 
4 

1.5 

100 

95-100 

35-70 

10-30 

0-5 

2 

100 

95-100 

35-70 

10-30 

11 

0-5 

2.5 

10'j 

90-100 

35  -70 

10-40 

0-15 

0-5 

2,5 

100 

90-100 

45-80 

25-50 

10-30 

0-15 

0-5 

133.245 
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133.249 

Figure  7-2.— Quart-jar  method  of  determining  silt  content 
of  tend. 


aggregate,  as  shown  in  figure  7*2,  the  material 
should  be  washed.  An  easily  constructed  rig  for 
washing  a  small  amount  of  aggregate  is  shown  in 
figure  7*3. 

Weak,  friable  (easily  pulverized;,  or 
laminated  (containing  layers)  aggregate  particles 


are  undesirable.  Shale,  stones  laminated  with 
shale,  and  most  varieties  of  chert  (impure 
flintlike  rock)  are  especially  to  be  avoided*  For 
most  ordinary  concrete  work,  visual  inspection 
is  enough  to  reveal  any  weaknesses  in  the  coarse 
aggregate.  For  work  in  which  aggregate  strength 
and  durability  is  of  vital  importance,  such  as 
paving  concrete,  aggregate  must  be  laboratory 
tested. 

Handling  and  Storage 

A  mass  of  aggregate  containing  particles  of 
different  sizes  has  a  natural  tendency  toward 
SEGREGATION,  meaning  that  particles  of  the 
same  size  tend  to  gather  together  whenever  the 
material  is  being  loaded,  transported,  or 
otherwise  disturbed.  Aggregate  should  always  be 
handled  and  stored  by  a  method  which  will 
minimize  segregation. 

Stockpiles  should  not  be  built  up  in  cone 
shapes,  made  by  dropping  successive  loads  at  the 
same  spot.  This  procedure  causes  larger 
aggregate  particles  to  segregate  and  roll  down 
the  sides,  leaving  the  pile  with  a  preponderance 
of  fine  at  the  top  and  a  preponderance  of  coarse 
at  the  bottom.  A  pile  should  be  built  up  in 
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Figure  7-3,-Field-conrtructed  rig  for  washing  tggrogste. 
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layers*  each  made  by  dumping  successive  loads 
alongside  each  other* 

If  aggregate  is  dropped  in  a  free  fall  from  a 
clamshell,  bucket,  or  conveyor,  some  ol  the  fine 
material  may  be  blown  aside*  causing  a 
segregation  of  fines  on  the  lee  side  of  the  pile. 
Conveyors,  clamshells,  and  buckets  should  be 
discharged  in  contact  with  the  pile. 

The  bottom  of  a  storage  bin  should  always 
slope  at  least  50  degrees, toward  the  central 
outlet.  If  the  slope  is  less  than  50  degrees, 
segregation  will  occur  as  the  material  is 
Discharged.  When  a  bin  is  being  charged,  the 
material  should  be  dropped  from  a  point 
directly  over  the  outlet  Material  chuted  in  at  an 
angle,  or  material  discharged  against  the  side  of  a 
bin,  will  segregate.  Since  a  long  drop  causes  both 
segregation  and  the  breakage  of  aggregate 
particles,  the  length  of  a  drop  into  a  bin  should 
be  minimized  by  keeping  the  bin  as  full  as 
possible  at  all  times* 

WATER 

The  principal  function  of  the  water  in  a 
concrete  mix  is  to  bring  about  the  hardening  of 
the  concrete  through  hydration  of  the  cement. 
Another  essentia]  function  is  to  .  lake  the  mix 
workable  enough  to  satisfy  the  requirements  of 
the  job  at  hand.  To  attain  this  result,  a  mix 
which  is  to  be  poured  in  forms  must  contain 
additional  water  over  and  above  the  amount 
required  for  complete  hydration  of  the  cement. 
Too  much  water  will  cause  a  loss  of  strength  by 
upsetting  the  water-cement  ratio.  It  will  also 
cause  "water-gain"  on  the  surface,  a  condition 
which  leaves  a  surface  layer  of  we?k  material 
called  LA1TANCE.  Also,  as  previously 
mentioned,  an  excess  of  water  will  impair  the 
watertightness  of  the  concrete. 

Water  used  in  mixing  concrete  must  be  clean 
and  free  from  acids,  alkalis,  oils,  and  organic 
materials*  Most  specifications  recommend  that 
the  water  used  in  mixing  concrete  be  suitable  for 
drinking  should  such  water  be  available. 

Seawater  can  be  used  for  mixing  concrete 
under  certain  circumstances.  An  example  of  this 
would  be  where  there  is  a  limited  supply  of 


freshwater.  Tests  show  that  the  compressive 
strength  of  the  concrete  will  be  10  to  30  percent 
less  than  that  obtained  using  freshwater.  Most  of 
the  adverse  effects  of  using  seawater  can  be 
minimized  by  using  a  richer  mix  (additional 
cement). 

ADMIXTURES 

Admixtures  include  all  materials  other  than 
Portland  cement,  water,  and  aggregates  that  are 
added  to  concrete,  mortar,  or  grout  immediately 
before  or  during  mixing.  Admixtures  are 
sometimes  used  in  concrete  mixtures  to  improve 
certain  qualities  such  as  workability,  strength, 
durability,  watertightness,  and  wear  resistance. 
They  may  also  be  added  to  reduce  segregation, 
and  the  heat  of  hydration,  entrain  air,  and 
accelerate  or  retard  setting  and  hardening.  The 
same  results  can  often  be  obtained  by  changing 
the  mix  proportions  or  by  selecting  other 
suitable  materials  without  resorting  to  the  use  of 
admixtures  (except  air-entraining  admixtures 
when  necessary).  Whenever  possible,  comparison 
should  be  made  between  these  alternatives  to 
determine  which  is  more  economical  and/or 
convenient.  Any  admixture  to  be  in  concrete 
should  be  added  in  accordance  with  current 
specifications  anj  under  the  direction  of  the 
crew  leader. 


CONCRETE  MIX  DESIGN 


The  ingredient  proportions  to  be  used  for 
the  concrete  on  a  particular  job  are  usually  set 
forth  in  the  specifications  under  "CONCRETE- 
General  requirements.0  A  typical  specification 
of  this  type  reads  as  follows: 

See  table  7-3  for  examples  of  normal 
concrete-mix  design  according  to  NAVFAC 
specifications. 

in  this  specification,  one  of  the  FORMULAS 
for  3000  psi  is  5.80  (bag  of  cement  per  cu  yd), 
233  lb  of  sand  (per  bag  of  cement),  297  lb  of 
coarse  aggregate  (per  bag  of  cement),  and  the 
WATER-CEMENT  RATIO  is  6.75  gals  water  to 
each  bag  of  cement.  These  proportions  are  based 
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upon  the  assumption  that  the  inert  ingredients 
are  in  a  SATURATED  SURFACE-DRY 
condition,  meaning  that  they  contain  all  the 
water  they  are  capable  of  absorbing,  but  no 
additional  FREE  water  over  and  above  this 
amount. 

This  is  a  condition  which  almost  never  exists 
in  the  field.  The  amount  of  free  water  in  the 
coarse  aggregate  is  usually  small  enough  to  be 
ignored,  but  the  ingredient  proportions  set  forth 
in  the  specs  must  almost  always  be  adjusted  to 
allow  for  the  existence  of  fiee  water  in  the  fine 
aggregate.  Furthermore,  since  free  water  in  the 
fine  aggregate  increases  its  measured  volume  or 
weight  over  that  of  the  sand  itself,  the  specified 
volume  or  weight  of  sand  must  be  increased  to 
offset  the  volume  or  weight  of  the  water  in  the 
sand-  Finally*  the  number  of  gallons  of  water 
used  per  sack  of  cement  must  be  reduced  to 
allow  for  the  free  water  in  the  sand-that  is  to 
say,  the  amount  of  water  actually  added  at  the 
mixer  must  be  tile  specified  amount  per  sack, 
LESS  the  amount  of  free  water  which  is  already 
in  the  ingredients  in  the  mixer. 

Except  as  otherwise  specified  in  the  project 
specifications,  concrete  shall  be  proportioned  by 
weighing  and  shall  'conform  to  NAVFAC 
Specifications  TS-03300.  (See  table  7-3  for 
normal  concrete.) 


MATERIAL  ESTIMATES 


When  tables,  such  as  table  7-3  are  not 
available  for  determining  quantities  of  material 
required  for  1  cuyd  of  concrete,  the  following 
"rule  of  thumb",  known  as  rule  41  or  42  may  be 
used  fo'  a  rough  estimation.  This  rule  states  that 
it  will  take  41  or  42  cu  ft  of  the  combined  dry 
amounts  of  cement*  sand,  and  aggregates  to 
produ;e  1  cu  yd  of  mixed  concrete. 

A  bag  of  cement  contains  94  lb  by  weight  nr 
about  1  cu  ft  by  loose  volume.  A  batch  formula 
is  usually  based  on  the  number  of  bags  of 
cement  used  in  the  mixing  machine. 

Rule  41  is  used  in  calculating  the  quantities 
of  material  for  concrete  when  the  size  of  the 
coarse  aggregate  is  not  over  I  in. 


Rule  42  is  used  when  the  si?e  of  the  coarse 
aggregate  is  not  over  2  1/2  in. 

For  estimating  the  amount  of  dry  materials 
needed  to  mix  1  cu  yd  of  concrete,  rule  or  42 
worked  in  the  same  manner.  For  example,  say 
that  the  specifications  called  for  a  1:2"4  mix 
with  2-in.  coarse  aggregates: 

1+7+4-7 

42  +  7  =  6  bags  or  6  cu  ft  of  cement. 

6  x  2  =  1 2  cu  ft  of  sand. 

6  x  4  =  24  cu  ft  of  coarse  aggregates. 

6  +  1 2  +  24  =  42,  so  your  calculations  have 
been  proven  correct* 

Frequently,  it  wil!  be  necessa^  to  convert 
volumes  in  cu  ft  to  weights  in  lb*  In  converting, 
multiply  the  required  cu  ft  of  cement  by  94 
since  1  cu  ft  or  1  standard  bag  of  cement  weighs 
94  lb.  When  iubig  rule  41  for  coarse  aggregates, 
multiply  die  quantity  of  coarse  gravel  in  cu  ft  by 
105  since  the  average  weight  of  dry-compacted 
fine  aggregate  or  gravel  is  105  lb  per  ai  ft.  By 
rule  42,  however,  multiply  the  cu  ft  of  rock 
(l-in*-size  coarse  aggregate)  by  100  since  the 
average  dry-compacted  weight  of  this  rock  is 
1001b  percu  ft. 

A  handling-loss  factor  is  added  in  ordering 
materials  for  Jobs.  An  additional  5  percent  of 
materials  is  added  for  jobs  requiring  200  or  more 
cu  yd  of  concrete,  and  10  percent  is  added  for 
smaller  jobs.  This  loss  factor  is  based  on  material 
estimates  after  the  requirements  have  been 
calculated.  Additional  loss  factors  may  be  added 
where  conditions  indicate  the  necessity  for 
excefo've  handling  of  materials  before  batching 


MEASURING  WATER 

The  water-measuring  controls  on  a  machine 
concrete  mixer  will  be  described  later  in  this 
chapter*  Water  measurement  for  handmixing 
may  be  done  with  a  14-qt  bucket,  marked  off  on 
the  inside  in  gallons,  half-gallons,  and  quarter 
gallons. 
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NEVER  add  water  to  the  mix  without 
measuring  it  carefully*  and  always  remember 
that  the  amount  of  water  actually  placed  in  the 
mix  varies  according  to  the  amount  of  free  water 
that  is  already  in  the  aggregate.  This  means  that 
if  the  aggregate  is  wet  by  a  rainstorm,  the 
proportion  of  water  in  the  mix  may  have  to  be 
changed. 

MEASURING  AGGREGATE 

The  accuracy  of  aggregate  measurement  by 
volume  depends  upon  the  accuracy  with  which 
the  amount  of  the  "bulking"  caused  by 
moisture  in  the  aggregate,  can  be  determined. 
The  amount  of  bulking  varies*  not  only  with 
dif fere  nt  moisture  contents*  but  also  with 
different  gradations.  Fine  sand,  for  example*  is 
bulked  more  than  coarse  sand  by  the  same 
moisture  content  Furthermore*  moisture 
content  itself  varies  from  time  to  time*  and  a 
rather  small  variation  causes  a  rather  large 
change  in  the  amount  of  bulking.  For  these  and 
other  reasons*  aggregate  should  be  measured  by 
weight  rather  than  by  volume  whenever  possible. 

To  make  grading  easier,  to  keep  segregation 
low*  and  to  insure  that  each  batch  is  uniform* 
coarse  aggregate  should  be  stored  in  and 
measured  from  separate  piles  or  hoppers*  in  each 
of  whicv  the  ratio  of  maximum  to  minimum 
particle  size  should  not  exceed  2:1  for  a 
maximum  nominal  size  larger  than  1  in.  and  3: 1 
for  a  maximum  nojninal  size  smaller  than  1  in.  A 
mass  of  aggregate  with  a  nominal  size  of 
1  l/2in.  to  l/4in.,  for  example*  should  be 
separated  into  one  pile  or  hopper  containing 
1  1/2  in.  to  3/4  in.*  and  another  pile  or  hopper 
containing  3/4  in.  to  1/4  in.  A  mass  with  a 
nominal  size  of  3  in.  1/4  in.  should  be 
separated  into  one  pile  or  hopper  containing 
3  in,  to  1  1/2  in  *  another  containing  1  1/2  in.  to 
3/4  in.*  and  a  third  containing  3/4  in.  to  1/4  in. 

WATER-CEMENT  RATIO 

The  specified  ingredient  proportions  are 
those  which*  it  has  been  calculated*  will  produce 
an  economical  concrete  of  the  strength  and- 
durability  required  for  the  project.  Durability  is 


to  a  large  extent  controlled  by  strength- 
meaning  that  the  stronger  the  concrete 
is*  the  more  durable  it  will  be  as  well.  However* 
the  quality  of  the  aggregate*  the  aggregate 
grading*  a;id  the  proportion  of  fine  to  coarse 
also  have  an  important  effect  on  durability. 

It  has  been  discovered  that  the  major  factor 
controlling  strength*  everything  else  being  equal, 
is  tlie  amount  of  water  used  per  bag  of  cement. 
Maximum  strength  would  be  obtained  by  using 
just  the  amount  of  water*  and  no  more,  than 
would  be  required  for  the  complete  hydration  of 
the  cement. 

As  previously  mentioned*  however*  a  mix  of 
this  type  would  be  too  dry  to  be  workable*  and 
therefore*  a  plastic-concrete  mix  always  contains 
more  water  than  the  amount  required  to  attain 
maximum  strength.  The  point  for  you  to 
remember  is  that  the  strength  of  the  concrete 
decreases  as  the  amount  of  this  extra  water 
increases. 

The  specified  water-cement  ratio  is  the 
happy  medium  between  the  maximum  possible 
strength  of  the  concrete  and  the  necessary 
minimum  requirements  a*  to  workability.  The 
strength  of  building  concrete  is  expressed  in 
terms  of  the  compressive  strength  in  psi  (lb  per 
sq  in.)  reached  after  a  7-day  set  and/or  after  a 
28-day  set*  usually  referred  to  as  PROBABLE 
AVERAGE  7-DAY  STRENGTH  and  PROB- 
ABLE AVERAGE  2&DAY  STRENGTH. 

SLUMP  TEST 

The  sh.mp  test  is  used  to  measure  the 
consistency  of  the  concrete.  The  test  is  made  by 
using  a  SLUMP  CONE*  the  cone  is  made  of  No. 
16  gage  g^anized  metal  with  the  base  Sin,  in 
diameter*  the  top  4  inches  in  diameter*  and  the 
height  12  in.  The  base  and  the  top  are  open  and 
pavallel  to  each  other  and  at  right  angles  to  the 
axis  of  the  cone.  A  tamping  rod  5/8  in,  in 
diameter  and  24  in.  long  is  also  needed.  The 
tamping  rod  should  be  smooth  and  bullet 
pointed  (not  a  piece  of  rebar). 

Samples  of  concrete  for  test  specimens 
should  be  taken  at  the  mixer  or,  in  the  case  of 
ready-mixed  concrete,  frum  the  transportation 
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vehicle  during  discharge.  The  sample  of  concrete 
from  which  test  specimens  are  made  will  be 
representative  of  the  entire  batch.  Such  samples 
should  be  obtained  by  repeatedly  passing  a 
scoop  or  pail  through  the  dischaiging  stream  of 
concrete,  starting  the  sampling  operation  at  the 
beginning  of  discharge  and  repeating  the 
operation  until  the  entire  batch  is  discharged. 
The  sampie  being  obtained  should  be 
transported  to  the  testing  site.  To  counteract 
segregation,  the  concrete  should  be  mixed  with  a 
shovel  until  the  concrete  is  uniform  in 
appearance,  The  location  in  the  work  of  the 
batch  of  concrete  being  sampled  should  be 
noted  for  future  reference.  In  the  case  of  paving 
concrete,  samples  may  be  taken  from  the  batch 
immediately  after  depositing  on  the  subgrade. 
At  least  five  samples  should  be  taken  from 
different  portions  of  the  pile  and  these  unples 
should  be  thoroufhly  mixed  to  form  the  test 
specimen. 

The  cone  should  be  dampened  and  placed  on 
a  flat,  moist,  nonabsorbent  surface.  From  the 
sample  of  concrete  obtained,  the  cone  should 
immediately  be  filled  in  three  layers,  each 
approximately  one-third  the  volume  of  the  cone 
In  placing  each  scoopful  of  concrete  the  scoop 
should  be  moved  around  the  top  edge  of  the 
cone  as  the  concrete  slides  from  it,  in  order  to 
ensure  symmetrical  distribution  of  concrete 
within  the  cone.  Each  layer  should  be  RODDED 
IN  with  25  strokes.  The  strokes  should  be 
distributed  unifoimly  over  the  cross  section  of 
the  cone  and  should  penetrate  into  the 
underlying  layer.  The  bottom  layer  should  be 
rodded  throughout  its  depth. 

Should  the  cone  be  overfilled,  strike  off  the 
excess  concrete  flush  with  the  top  with  a 
straightedge.  The  cone  should  be  immediately 
removed  from  the  concrete  by  raising  it 
carefully  in  a  vertical  direction,  The  slump 
should  then  be  measured  to  the  center  of  the 
slump  immediately  by  determining  the 
difference  between  the  height  of  the  cone  and 
the  height  at  the  vertical  axis  of  the  specimen,  as 
shown  in  figure  7-4. 

The  consistency  should  be  recorded  in  terms 
of  inches  of  subsidence  of  the  specimen  during 
the  test,  which  is  called  slump,  Slump  equals  12 
inches  of  height  after  subsidence. 


45.574 

Figure  7*4.-Messuremertt  of  slumps. 


After  the  slump  measurement  is  completed, 
the  side  of  the  mix  should  be  tapped  gently  with 
the  tamping  rod.  The  behavior  of  the  concrete 
under  this  treatment  is  a  valuable  indication  of 
the  cohesiveness,  workability,  and  placeability 
of  the  mix.  If  the  mix  is  well-proportioned, 
tapping  will  only  cause  it  to  slump  lower, 
without  crumbling  apart  of  segregating  by  the 
dropping  of  larger  aggregate  particles  to  a  lower 
level  in  the  mix.  If  the  concrete  crumbles  apart* 
it  is  oversandsd;  if  it  segregates,  it  is 
undersanded. 


WORKABILITY 


A  mix  must  be  WORKABLE  enough  to  fill 
the  form  spaces  completely  of  its  own  accord,  or 
with  the  assistance  of  a  reasonable  amount  of 
shoveling,  spading,  and  vibrating.  Since  a  fluid  or 
"runny'*  mix  will  do  this  more  readily  than  a  dry 
or  "stiff"  mix,  it  follows  that  workability  varies 
directly  with  fluidity.  The  workability  of  a  mix 
is  determined  by  the  slump  test  The  amount  of 
the  slump,  in  inches,  is  the  measure  of  the 
concrete's  workability -the  more  the  slump,  the 
higher  the  workability. 

The  slump  can  be  controlled  by  a  change  in 
any  one  or  all  of  the  following:  gradation  of 
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aggregates,  proportion  of  aggregates,  or  the 
moisture  content.  (If  the  moisture  content 
should  change,  you  should  add  more  cement  to 
maintain  the  proper  water-cement  ratio.) 

The  desired  degree  of  workability  is  attained 
b>  running  a  series  of  trial  batches,  using  various 
amounts  of  fine  to  coarse  aggregate,  until  a 
batch  is  produced  in  which  the  slump  is  as 
desired.  Once  the  amount  of  increase  or  decrease 
required  to  produce  the  desired  slump  is 
determined,  the  aggregate  proportions,  not  the 
water  proportion,  in  the  field  mix  should  be 
altered  to  conform.  If  the  water  proportion  were 
changed,  the  water-cement  ratio  would  be  upset. 

Never  yield  to  the  temptation  to  throw  in 
more  water  without  making  the  corresponding 
adjustment  in  the  cement  content,  and  make 
sure  crewmembers  who  are  spreading  a  stiff  mix 
by  hand  do  not  ease  their  labors  this  way 
without  telling  you  about  it. 

As  you  gain  experience,  you  will  discover 
that  adjustments  in  workability  can  be  made  by 
making  minor  changes  in  the  amount  of  fines  in 
the  fine  aggregate  or  of  coarses  in  the  coarse 
aggregate;  also  by  making  minor  changes  in  the 
proportion  of  fine  to  coarse.  In  general, 
everything  else  remaining  the  same,  an  increase 
in  the  proportion  of  fines  stiffens  a  mix,  and  an 
increase  in  the  proportion  of  coarse  loosens  a 
mix. 

Before  you  alter  the  proportions  set  forth  in 
the  specification,  you  must,  find  out  from 
higher  authority  whether  or  not  you  are  allowed 
to  make  any  such  alterations,  and  if  you  are, 
what  the  permissible  limits  are  beyond  which 
you  must  not  go. 

GROUT 

As  previously  mentioned,  concrete  consists 
of  four  essentia]  ingredients;  water,  cement, 
sand,  and  coarse  aggregate.  A  mixture  of  water, 
cement,  sand,  and  lime  is  not  concrete  but 
MORTAR.  Mortar,  which  is  used  chiefly  for 
bonding  masonry  units  together,  will  be 
discussed  in  the  next  chapter. 


The  term  GROUT  refers  to  a  water*cement 
mixture  (called  NEAT-CEMENT  GROUT)  or  a 
water-sand*cement  mixture  called  SAND- 
CEMENT  GROUT)  used  to  plug  holes  or 
cracks  in  concrete,  to  sea]  joints,  to  fill  spaces 
between  machinery  bed  plates  and  concrete 
foundations,  and  for  simitar  plugging  or  sealing 
purposes.  The  consistency  of  grout  may  range 
from  stiff  (about  4  gal  of  water  per  sack  of 
cement)  to  fluid  (as  many  as  10  gal  water  per 
sack  of  cement),  depending  upon  the  nature  of 
the  grouting  Job  at  h  and. 


BATCHING 


When  bagged  cement  is  being  used,  the 
field-mix  proportions  are  usually  given  in  terms 
of  designated  amounts  of  fine  and  coarse 
aggregate  per  bag  (or  per  94  lb)  of  cement.  The 
amount  of  material  which  is  mixed  at  a  time  is 
called  a  BATCH,  and  the  size  of  a  batch  is 
usually  designated  by  the  number  of  bags  of 
cement  it  contains,  as:  a  4-bag  batch,  a  6-bag 
batch,  and  so  on. 

The  process  of  weighing  out  or  measuring 
out  the  ingredients  for  a  batch  of  concrete  is 
called  BATCHING.  When  mixing  is  to  be  done 
by  hand,  the  size  of  the  batch  will  depend  upon 
the  number  of  persons  who  are  available  to  turn 
it  with  hand  shovels.  When  mixing  is  to  be  done 
by  machine,  the  size  of  the  batch  will  depend 
upon  the  rated  capacity  of  the  mixer.  The  rated 
capacity  of  the  mixer  is  given  in  terms  of  cu  ft 
of  MIXED  CONCRETE,  not  of  dry  ingredients. 


BATCHING  PLANT 


On  large  jobs,  the  aggregate  is  weighed  out  in 
an  aggregate  BATCHING  PLANT  (usually 
shortened  to  "bate A  plant'*)  like  the  one  shown 
in  figure  7-5.  Whenever  possible,  a  batch  plant  is 
located  near  a'*d  used  in  conjuction  with  a 
CRUSHING  AWD/OR  SCREENING  plant.  In  a 
crushing  and  screening  plant,  stone  is  crushed 
into  various  particle  sizes,  which  are  then 
screened  into  separate  piles.  In  a  screening  plant, 


7-14 


230 


Chapter  7-CONCRETE 


29,153 

Figure  7-5, -Aggregate  batching  Plant. 


the  aggregate  in  its  natural  state  is  screened  by 
sizes  into  separate  piles. 

The  batch  plant,  which  is  usually  a  portable 
affair  that  can  be  knocked  down  and  moved 
from  site  to  site,  is  generally  set  up  adjacent  to 
the  pile  of  screened  aggregate.  The  plant  may 
include  separate  hoppers  fc-r  several  st2es  of  fine 
and  coarse  aggregates  or  it  may  include  one 
hopper  for  fine  aggregate  and  another  for  coarse 
aggregate;  or  it  may  include  one  or  more 
DIVIDED  hoppers,  each  containing  two  or  more 
separate  compartments  for  different  sizes  of 
aggregates* 

Each  storage  hopper  or  storage  hopper 
compartment  can  be  discharged  into  a  WEIGH 
BOX,  which  can  in  turn  be  discharged  into  a 
mixer  or  a  batch  truck.  When  a  specific  weight 
of  aggregate  is  called  for,  the  operator  sets  the 
weight  on  a  beam  scale.  The  operator  then  open:> 
the  discharge  chute  on  the  storage  hopper.  When 
the  desired  weight  has  been  reached  in  the  weigh 
box,  the  scale  beam  rises  and  the  operator  closes 


the  storage  hopper  discharge  chute.  The 
operator  then  o'ens  the  weigh  box  discharge 
chute,  and  the  aggregate  discharges  into  the 
mixer  or  batch  truck.  Batch  plant  aggregate 
storage  hoppers  are  usually  loaded  with 
clamshell-equipped  cranes. 

All  personnel  working  in  the  batch  plant 
area  should  wearh'Td  hats  at  ail  times. 

While  persons  are  working  on  or  in  conveyor 
line  areas,  the  switches  and  controls  are  to  be 
secured  and  tagged  so  that  no  one  can  engage 
them  until  all  personnel  are  clear. 

When  hoppers  are  being  loaded  with 
clamsheli  or  other  loaders,  the  personnel  should 
stay  away  from  the  area  of  falling  aggregate. 

The  scale  operator  should  be  the  onlyjjerson 
on  the  scale  platform  during  batching 
operations. 

Housekeeping  of  charging  area  is  important 
and  personnel  should  do  everything  possible  to 
keep  the  area  clean  and  free  of  spoiled  material 
or  overflow. 

Debris  in  aggregate  causes  much  of  the 
damage  to  conveyors,  so  keep  the  material  clean 
at  all  times. 

When  batch  operations  are  conducted  at 
night,  good  maximum  lighting  is  a  must. 

Personnel  working  in  batch  plants  should  use 
good  eye  hygiene,  as  continual  neglect  of  eye 
care  can  have  serious  consequences, 

VAPOR-TYPE  GOGGLES  SHOULD  BL 
WORN  BY  PERSONNEL  IN  BATCH  PLANT 
OPERATIONS, 


MIXING  CONCRETE 

Mixing  concrete  is  done  by  one  of  the  two 
methods,  by  hand  or  machine.  No  matter  which 
method  is  used,  a  well  established  procedure 
must  be  followed  if  you  expect  the  finished 
concrete  to  be  of  good  quality.  An  oversight  in 
this  phase  of  concrete  construction,  whether 
through  lack  of  competence  or  inattention  to 
detail,  cannot  be  overcome  later. 
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MIXING  BY  HAND 

A  batch  which  is  to  be  handmixed  by  a 
couple  of  crewmembers  should  not  be  much 
larger  than  about  a  cuyd.  The  equipment 
required  consists  of  a  watertight  metal  or 
wooden  platform,  two  shovels,  a  metaHined 
measuring  box,  and  a  graduated  bucket  for 
measuring  the  water 

The  mixing  platform  need  not  be  fabricated 
of  expensive  materials,  but  may  only  be  an 
abandoned  concrete  slab  or  concrete  parking  lot 
than  can  be  cleaned  after  use-  If  there  is  not  a 
suitable  place  available,  it  may  be  necessary  to 
construct  a  10-by  12-ft  square  wooden  platform 
of  3/4^n.  plywood  and  2by4's.  A  strip  of 
2*by  2-in.  lumber  should  be  nailed  along  the 
outer  edges,  to  prevent  water  or  fluid  material 
from  flowing  off  the  platform.  For  the  same 
reason,  the  platform  must  be  leveL. 

Mix  the  sand  and  cement  together  first, 
using  the  following  procedure.  Say  that  the 
batch  is  to  consist  of  2  bags  of  cement,  5.5  cu  ft 
of  sand,  and  6.4  cu  ft  of  coarse  aggregate.  Dump 
3  cu  ft  of  sand  on  the  platform  first,  spread  it 
out  in  a  layer,  and  dump  a  bag  of  cement  overit 
Spread  the  cement  out  in  aJayer,  and  dump  the 
rest  of  the  sand  (2.5  cu  ft)  over  it.  Then  dump 
the  other  sack  of  cement  on  top  of  the  lot.  This 
use  of  alternate  layers  of  sand  and  cement 
reduces  the  amount  of  shoveling  required  for 
complete  mixing. 

Personnel  doing  the  mixing  should  face  each 
other  from  opposite  sides  of  the  pile,  and  they 
should  work  from  the  outside  to  the  center, 
turning  the  material  as  many  times  as  is 
necessary  to  produce  a  uniform  color 
throughout.  When  the  cement  and  sand  have 
been  completely  mixed,  the  pile  should  be 
leveled  off  and  the  coarse  material  should  be 
added  and  mixed  in  by  the  neceteary  number  of 
turnings.  \ , 

The  pile  should  next  be  troughed  in  the 
center,  and  the  mixing  water,  after  being 
carefully  measured,  should  be  poured  into  the 
trough.  The  dry  materials  should  then  be  turned  y 
into  the  water,  with  great  care  taken  to  insure 
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that  none  of  the  water  escapes.  When  all  the 
water  has  been  taken  up,  the  batch  should  be 
mixed  to  a  uniform  consistency.  At  least  four 
complete  turnings  are  usually  required. 

MIXING  BY  MACHINE 

A  concrete  mixer  is  designated  as  to  size  by 
its  RATED  CAPACITY,  expressed  in  terms  of 
the  volume  of  mixed  concrete-not  of  dry 
ingredients -it  can  mix  in  a  single  batch.  Rated 
capacities  run  from  as  small  as  2  cu  ft  to  as  large 
as  7  cuyd  (l89cuft).  For  moat  ordinary 
building  construction,  the  most  commonly  used 
mixeris  the  Model  16*S{fig.  7-6)  with  a  capacity 
of  16cuft. 

The  l&S  eoi*vitu  mixer  is  a  self-contained 
unit  capable  of  producing  16  cubic  feet  of 
concrete  plus  a  10  percent  uverload  per  batch. 
The  hourly  production  capacity  will  . 
between  10  and  15  cu  yd  depending  on  the 
efficiency  of  the  personnel.  Aggregate  larger 
than  3  in.  will  damage  the  mixer.  The  mixer 
consists  of  a  frame  which  is  equipped  with 
wheels  and  towing  tongue  for  easy  movement, 
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Figure  7'6.-Mocfot  16-S  concrete  mixer. 
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an  engine,  a  power  loader  &kipy  mixing  drum, 
water  tank,  and  auxiliary  water  pump.  The 
mixer  may  be  u*ed  as  a  central  mixing  plant. 


Charging  the  Mixer 


There  are  two  ways  of  charging  concrete 
mixers,  by  hand  and  vrith  the  mechanical  skip. 
Before  loading  the  mechanical  skip,  remove  the 
towing  tongue.  Then  cement,  sand,  and  gravel 
can  be  loaded  and  dumped  into  the  mixer 
together  while  the  water  runs  into  the  mixing 
drum  on  the  side  oppo^te  the  skip.  The  mixing 
water  is  measured  from  a  storage  tank  on  top  of 
the  mixer  a  few  seconds  before  the  skip  is 
dumped  to  wash  the  mixer  between  batches. 
The  coarse  aggregate  is  placed  in  the  skip  first, 
the  cement  next  and  the  sand  is  placed  on  top  to 
prevent  excessive  loss  of  cement  as  the  batch 
enters  the  mb  "r 


Mixing  Tire 

On  mixing  machines  27  cu  ft  or  larger  the 
mixing  time  for  a  1-cu  yd  batch  is  1  1  2 
minutes.  Another  15  second*  should  be  allowed 
for  each  additional  1/2  cu  yd  or  fraction 
thereof  The  water  should  be  started  into  the 
drum  a  few  seconds  before  the  skip  begins  to 
dump,  so  that  the  inside  of  the  drum  will  get  a 
washout  before  the  batched  ingredients  go  in. 
The  mixing  penod  should  be  measured  from  ti. 
time  all  the  batched  ingredients  are  in,  provided 
that  all  the  water  is  in  before  one-fourth  of  the 
mixing  time  has  elapsed.  The  time  elapsing 
between  the  introduction  of  the  mixing  water  to 
the  cement  and  aggregates  and  the  placing  of  the 
concrete  in  the  forms  should  not  exceed 
1  1/2  hr. 

Dischai^ing  the  Mixer 


When  tne  material  is  ready  for  discharge 
from  the  mixer,  the  discharge  chute  is  moved 
into  place  to  receive  the  concrete  from  the  drum 
of  the  jnixer.  In  some  cases,  dry  concrete  has  a 


tendency  to  carry  up  to  the  top  of  the  drum  and 
not  drop  down  in  time  to  be  deposited  on  the 
chute.  Very  wet  concrete  may  not  carry  up  high 
enough  to  be  caught  by  the  chute.  Tliis 
condition  can  be  corrected  by  adjusting  the 
speed  of  the  mixer.  For  very  wet  concrete,  the 
speed  of  the  drum  should  be  increased  and  for 
dry  concrete,  it  should  be  slowed  down. 

Ceaning  and  Maintaining  the  Mixer 

The  mixer  should  be  cleaned  daily  *  is 
:n  continuous  operation  or  following  each 
period  of  use  if  it  is  in  operation  less  than  a  day. 
If  the  outside  of  the  mixer  is  kept  coated  with 
form  oil,  the  cleaning  process  can  be  speeded  up. 
The  outside  of  the  mixer  should  be  washed  with 
a  hose  and  all  accumulated  concrete  should  be 
knocked  off.  If  the  blades  of  the  mixer  become 
worn,  or  coated  with  hardened  concrete,  the 
mixing  action  will  be  less  efficient.  Badly  worn 
blades  should  be  replaced,  Hardened  concrete 
should  not  be  allowed  to  accumulate  in  the 
mixer  drum.  The  mixer  drum  must  be  cleaned 
out  whenever  it  is  necessary  to  shut  dovn  for 
more  than  I  1/2  hours.  Place  a  volume  of  coarse 
aggregate  in  the  drum  equal  to  one-half  of  the 
capacity  of  the  mixer  and  allow  it  to  revolve  for 
about  5  minutes.  Discharge  the  aggregate  and 
flush  out  the  drum  with  water.  Do  not  pound 
the  discharge  chute,  drum  shell,  or  the  skip  to 
rem ove  aggregate  or  harden ed  concrete ,  for 
concrete  will  more  readily  adhere  to  the  dents 
and  bumps  created. 

For  complete  instructions  on  the  operation, 
adjustment,^and  maintenance  of  the  mixer, 
study  the  manufacturer's  manual 

All  gears,  chains,  and  rollers  of  mixers 
should  be  properly  guarded.  All  moving  parts 
should  be  cleaned  and  properly  serviced  so  as  to 
give  safe  performance  of  the  equipment 

Skip  loader  cables  and  brakes  must  be 
inspected  frequently  to  prevent  injuries  caused 
by  falling  skips. 

Whenever  working  under  an  elevated  skip  is 
unavoidable,  the  skip  must  be  shored  up  to 
prevent  it  from  falling  in  the  event  that  the 
brake  should  fail  or  be  accidentally  released. 

The  mixer  operator  must  never  lower  the 
skip  without  first  making  sure  that  there  is  no 
one  under  it. 


7-17 


BUILDER  3  &  2 


The  area  around  the  mixer  must  be  kept 
clear* 

Dust  protection  equipment  must  be  issued 
to  the  crew  engaged  in  handling  cement,  and  the 
crew  must  wear  the  equipment  when  so  engaged. 
Crewmembers  should  stand  with  their  backs  to 
the  wind  whenever  possible,  to  prevent  cement 
and  sand  from  being  blown  into  their  eyes  and 
faces. 

Whenever  the  mixer  drum  is  being  cleaned* 
the  switches  must  be  open,  the  throttles  closed, 
and  the  control  mechanise  locked  in  the  OFF 
position. 


HANDLING  AND  TRANSPORTING 
CONCRETE 

If  mixed  plastic  concrete  is  carried  by  the 
ordinary  type  of  vehicle  (dump  truck,  for 
example),  there  is  a  strong  tendency  for  the 
larger  aggregate  particles  to  segregate  by  settling 
to  the  bottom.  To  avoid  this,  ready-mixed 
concrete  is  usually  delivered  to  a  job  by  a 
transit-mix  truck- 

When  ready-mixed  concrete  is  carried  b>  the 
ordinary  type  of  carrier  (such  as  a  dump  truck, 
wheelbarrow,  or  buggy),  any  jolting  of  the 
carrier  increases  the  natural  tendency  of  the 
concrete  to  segregate.  Carriers  should  therefore 
be  equipped  with  pneumatic  tires  whenever 
possible,  and  the  surface  over  which  they  travel 
should  be  as  smooth  as  possible. 

A  long  free  fall  will  cause  concrete  to 
segregate.  If  the  concrete  must  be  discharged  at 
a  level  more  than  4  ft  above  the  level  of 
placement,  it  should  be  dumped  into  an 
ELEPHANT  TRUNK  like  the  one  shown  in 
figure  7-7. 

Segregation  also  occurs  whenever  discharged 
concrete  is  allowed  to  glance  off  a  surface,  such 
as  the  side  of  a  form  Or  of  a  chute. 
Wheelbarrows,  buggies,  and  conveyors  should 
therefore  be  discharged  so  as  to  cause  the 
concrete  to  fall  clear. 
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Figure  7-7.-Chute  or  down  pipe  used  to  check  free  f*JJ 
of  concrete. 


Concrete  should  be  transported  by  ^hute  for 
short  distances  only,  since  it  tends  to  segregate 
and  also  to  dry  out  when  handled  in  this 
manner.  For  a  mix  of  average  workability,  the 
best  slope  for  a  chute  is  about  1  ft  of  rise  to  2  or 
3  ft  of  run.  For  a  mix  of  this  type,  a  steeper 
slope  will  cause  segregation,  while  a  flatter  slope 
will  either  cause  the  concrete  to  run  slowly  or 
not  at  all.  For  a  stiffer  mix,  a  steeper  slope  will 
be  required. 

All  chutes  and  spouting  used  in  rete 
pours  should  be  clean  and  well  suppoi  d  by 
proper  bracing  and  guys. 

When  spouting  and  chutes  run  overhead,  the 
area  beneath  must  be  cleared  and  barricaded 
during  placing  to  eliminate  the  danger  of  falling 
concrete  or  possible  collapse  causing  injuries. 
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READY-MIXED  CONCRETE 

On  some  jobs,  such  as  laige  highway  jobs,  it 
is  possible  to  use  a  batch  plant  which  contains 
its  own  mixer.  A  plant  of  this  type  discharges 
ready-mixed  concrete  into  dump  trucks  or 
agitator  trucks,  which  haul  it  to  the  construction 
site*  An  agitator  truck  carries  the  mix  in  a 
revolving  chamber  much  like  the  one  on  a  mixer. 
Keeping  the  mix  agitated  en  route  prevents 
segregation  of  aggregate  particles.  SEA3EES 
have  used  concrete  pavers  as  centra]  mixing 
plants,  stationing  the  paver  adjacent  to  a  cut  so 
that  trucks  may  be  driven  under  the  bucket 
boom, 

A  ready-ma  plant  is  usually  portable,  so 
that  it  can  follow  the  job  along,  ft  must  be 
certain,  of  course,  that  a  truck  will  be  able  to 
deliver  the  mix  at  the  site  before  it  starts  to  set. 

Discharge  of  the  concrete  from  the  drum 
should  be  completed  within  1  1/2  hr. 


TRANSIT-MIXED  CONCRETE 


A  TRANSIT-MIX  truck  is  a  traveling 
concrete  mixer.  The  truck  carries  a  mixer  and  a 
water  tank,  from  which  the  driver  can,  at  the 
proper  time,  introduce  the  required  amount  of 
water  into  the  mix.  The  truck  picks  up  the  dry 
ingredients  at  the  batch  plant,  together  with  a 
slip  which  tells  how  much  water  is  to  be 
introduced  to  the  mix  upon  arrival  at  the  pour 
site.  The  mixer  drum  is  kept  revolving  enroute 
and  at  the  job  site  so  that  the  dry  ingredients  Jo 
not  r^gregate.  Transit-mix  trucks  are  part  of  the 
battalion's  equipment  inventory  and  are  the 
most  widely  used  on  all  but  the  smallest 
concrete  jobs  assigned  to  a  battalion. 


FORMWORK 


Most  structural  corerete  is  made  by  placing 
(CASTING)  plastic  concrete  into  spaces 
enclosed  by  previously  constructed  FORMS. 
The  plastic  concrete  hardens  into  the  shape 


outlined  by  the  forms,  after  which  the  forms  are 
usually  removed. 

Forms  for  concrete  structures  must  be  tight, 
rigid,  and  strong.  If  the  forms  are  not  tight, 
there  will  be  a  loss  of  paste  which  may  cause 
weakness  or  a  loss  of  water  which  may  cause 
SAND  STREAKING.  The  forms  must  be  strong 
enough  and  well-braced  enough  to  resist  the  high 
pressure  exerted  by  the  concrete. 

Forms,  or  parts  ot  forms,  are  often  omitted 
when  a  firm  earth  surface  exists  which  is  capable 
of  supporting  and/or  molding  the  concrete.  In 
most  footings,  the  bottom  of  the  footing  is  cast 
cirectly  against  the  earth  a:.d  only  the  sides  are 
molded  in  forms.  Many  footings  are  cast  with 
both  the  bottom  and  the  sides  against  the 
natural  earth.  In  these  cases,  however,  the 
specifications  usually  call  for  larger  footings.  A 
foundation  wall  is  often  cast  between  a  form  on 
the  inner  side  and  the  natural  earth  surface  on 
the  outer  side. 


FORM  MATERIALS 


Forms  are  generally  constructed  from  three 
different  materials,  earth,  metal,  and  wood. 

Earth  forms  are  used  in  subsurface 
construction  where  the  soil  is  stable  enough  to 
retain  the  desired  shape  of  the  concrete 
structure.  The  advantages  of  this  type  of  form 
are  that  less  excavation  is  required  and  there  is 
better  settling  resistance.  The  obvious 
disadvantage  is  a  rough  surface  finish,  so  the  use 
of  earth  forms  is  generally  restricted  to  footings 
and  foundations. 

Metal  forms  are  used  where  added  strength  is 
required  or  where  the  construction  will  be 
duplicated  at  another  location.  Metal  forms  are 
more  expensive,  but  they  may  be  more 
economical  than  wooden  forms  if  they  can  be 
used  often  enough,  Examples  of  their  use  would 
be  highway  paving  forms  or  curb  and  sidewalk 
forms. 

Wooden  forms  are  by  far  the  most  common 
type  used  in  building  construction.  They  have 
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the  advantage  of  economy,  ease  in  handling,  ease 
of  production,  and  adaptability  to  many  desired 
shapes.  Added  economy  may  result  from  reusing 
form  lumber  later  for  roofing,  bracing,  or  similar 
purposes.  Lumber  should  be  straight, 
structurally  sound,  strong,  and  only  partially 
seasoned.  Kiln-dried  timber  has  a  tendency  to 
swell  when  soaked  with  water  from  the 
concrete.  !f  the  boards  are  tight  jointed  the 
swelling  causes  bulging  and  distortion.  When 
green  lumber  is  used,  an  allowance  should  be 
made  for  shrinkage  or  the  forms  should  be  kept 
wet  until  the  concrete  is  in  place.  Soft  woods, 
such  as  pine*  fir,  and  spruce  make  the  best  and 
most  economical  form  lumber  since  they  are 
light,  easy  to  work  with,  and  available  in  almost 
every  region.  Lumber  that  comes  in  contact  with 
the  concrete  should  be  surfaced  on  one  side  ;t 
least  and  on  both  edges.  The  surfaced  side  is 
turned  toward  the  concrete.  The  edges  of  the 
lumber  may  be  square,  shiplap,  or  tongue  and 
groove.  The  latter  makes  a  more  watertight  joint 
and  tends  to  prevent  warping.  Plywood  can  be 
used  economically  for  wall  and  floor  forms  if  it 
is  made  with  waterproof  glue  and  is  identified 
for  use  in  concrete  forms.  Plywood  is  more  warp 
resistant  and  can  be  reused  more  often  than 
lumber*  Plywood  is  made  in  thicknesses  of  1/4, 
3/8,  9/16,  5/8,  and  3/4  in.  and  in  widths  up  to 
48  in.  Although  longer  lengths  are  manu- 
factured, 8-ft  lengths  are  the  most  commonly 
used.  The  5/8-  and  3/4-in.  thicknesses  are  most 
economical,  the  thinner  sections  will  require 
solid  backing  to  prevent  deflection.  The  1/4-in, 
thickness  is  useful  for  curved  surfaces. 


FORM  DESIGN 


Forms  for  concrete  construction  must 
support  the  plastic  concrete  until  it  has 
hardened.  Stiffness  is  an  important  feature  in 
forms  and  failure  to  provide  for  this  may  cause 
unfortunate  results.  Forms  must  be  designed  for 
all  the  weight  they  are  liable  to  be  subjected  to, 
including  the  dead  load  of  the  forms,  the  plastic 
concrete  in  the  forms,  the  weight  of  the 
workmen,  the  weight  of  equipment  and 
materials  whose  weight  may  be  transferred  to 
the  forms,  and  the  impact  due  to  vibration. 


These  factors  vary  with  each  project,  but  none 
should  be  neglected.  Ease  of  erection  and 
removal  are  also  important  factors  in  the 
economical  design  of  forms.  Platform  and  ramp 
st  ructures  independent  of  formwoik  are 
sometimes  preferred  to  avoid  displacement  of 
forms  due  to  loading  and  impact  shock  from 
workmen  and  equipment. 

When  concrete  is  placed  in  the  forms,  it  is  in 
a  plastic  state  and  exerts  hydrostatic  pressure  on 
the  forms.  The  basis  of  form  design,  therefore,  is 
the  maximum  pressure  developed  by  the 
concrete  during  placing.  The  maximum  pressure 
developed  will  depend  on  the  rate  of  placing  and 
the  temperature.  The  rate  of  placing  will  affect 
the  pressure  because  it  determines  how  much 
hydrostatic  head  will  be  built  up  in  the  form. 
The  hydrostatic  head  will  continue  to  increase 
until  the  concrete  takes  its  initial  set,  usually  in 
about  90  minutes.  However,  at  low 
temperatures,  the  initial  set  takes  place  much 
more  slowly  so  it  is  necessary  to  consider  the 
temperature,  at  the  time  of  placing.  Knowing 
these  two  factors*  and  the  type  of  form  material 
to  be  used,  a  tentative  design  may  be  calculated. 


FORM  CONSTRUCTION 

Strictly  speaking,  it  is  only  those  parts  of  the 
formwork  which  directly  mold  the  concrete  that 
are  correctly  referred  to  as  the  "forms."  The  rest 
of  the  formwork  consists  of  various  bracing  and 
tying  members  used  to  strengthen  the  forms  and 
to  hold  them  rigidly  in  place. 

In  the  following  discussion  of  the  various 
common  types  of  forms,  you  should  study  the 
illustrations  until  you  have  learned  the  names  of 
all  the  formwork  members. 


Footing  Forms 


When  possible ,  the  earth  should  be 
excavated  so  as  to  form  a  mold  for  concrete  wall 
footings.  Otherwise,  forms  jr(ust  be  constructed* 
In  most  cases,  footings  for  columns  are  square  or 
rectangular,  The  four  sides  should  be  built  and 
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Figure  7*&~Typic8l  large  footing  form. 


erected  in  panels.  The  panels  for  the  opposite 
sides  of  the  footing  are  made  to  the  exact 
footing  width.  The  l-im-thick  sheathing  is  nailed 
to  vertical  cleats  spaced  on  2-ft  centers.  See  (a) 
in  figure  7-8  which  shows  a  typical  form  for  a 
large  footing.  Two-inch-dressed  lumber  should 
be  used  for  the  cleats  and  cleats  spaced  2  1/2  in. 
from  each  end  of  the  panel  as  shown.  The  other 
pair  of  panels  (b),  figure  7-8  have  two  end  cleats 
on  the  inside  spaced  the  length  of  the  footing 
plus  twice  the  sheathing  thickness.  The  panels 
are  held  together  by  Na  8  or  9  soft, 
black-annealed-iron  wire  wrapped  around  the 
center  cleats.  All  reinforcing  bars  must  be  in 
place  before  the  wire  is  installed.  The  holes  on 
each  side  of  the  cleat  pen* Jtting  the  wire  to  be 
wrapped  around  the  cleat  should  be  less  than 
1/2  in.  in  diameter  to  prevent  leakage  of  mortar 
through  the  hole.  The  panels  may  be  held  in 
place  with  form  nails  until  the  tie  wire  is 
installed.  All  form  (duplex)  nails  should  be 
driven  from  the  outside  if  possible  to  make, 
stripping  easier.  For  forms  4  ft  square  or  larger, 
stakes  should  be  driven  as  shown.  These  stakes 
and  1  by  6  boards  nailed  across  the  top  prevent 
spreading.  The  side  panels  may  be  higher  than 


the  required  depth  of  footing  since  they  can  be 
marked  on  the  inside  to  indicate  the  top  of  the 
footing.  If  the  footings  are  less  than  1  ft  deep 
and  2  ft  square,  the  forms  can  be  constructed  of 
Wn.  sheathing  without  cleats.  Boards  for  the 
sides  of  the  form  are  cut  and  nailed  as  shown  in 
figure  7-9.  The  form  can  be  braced  and  no  wire 
ties  are  needed. 


IN  POSITION 
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Figure  7>9.-Typical  small  footing  form. 
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Ftgure  7-10. -Typical  footing  am)  pier  form. 


Sometimes  it  may  be  necessary  to  place  a 
footing  and  a  small  pier  or  column  at  the  same 
time.  The  form  for  this  type  of  concrete 
construction  is  shown  in  figures  7*10  and  7*1 1. 
The  units  are  similar  to  the  one  shown  in  figure 
7-8.  Support  for  the  upper  form  must  be 
provided  in  such  a  way  that  it  does  not  interfere 
with  the  placement  of  concrete  in  the  lower 
form.  This  is  accomplished  by  nailing  a  2  by  2  or 
4  by  4  to  the  lower  form  as  shown.  The  top 
form  is  then  nailed  to  these  support  pieces. 

Foundations 

Foundation  forms  may  include  forms  for 
wall  footings,  column  footings,  and  pier 
footings.  These  foundations  or  footings  are 
relatively  low  in  height  and  have  the  primary 
function  of  supporting  the  structure.  The  depth 
of  concrete  is  usually  small;  therefore,  the 
pressure  on  the  form  is  relatively  i0w-  Thus, 
design  based  on  strength  consideration  generally 


is  not  necessary.  Whenever  possible,  the  earth 
should  be  excavated  and  the  hole  used  as  a  mold 
for  the  concrete  footings. 

Walls 

Wall  forms  (fig,  7*12)  may  be  bui]t*in-place 
or  prefabricated,  depending  on  shape  and 
desirability  of  reuse  of  forms.  Some  of  the 
elements  that  make  up  wooden  forms  are 
sheathing,  studs,  wales,  braces,  shoe  plates, 
spreaders,  and  tie  wires. 

Sheathing  forms  the  surfaces  of  the 
concrete.  It  should  be  as  smooth  as  possible, 
especially  if  the  finished  surfaces  are  to  be 
exposed.  Since  the  concrete  is  in  a  plastic  state 
when  placed  in  the  form,  "**e  sheathing  should 
be  watertight.  Tongue-and-groove  sheathing 
gives  a  smooth  watertight  surface.  Plywood  Or 
hard  board  can  also  be  used. 
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Figure  7*11.-Formfor  concrete  column. 


Studs  also  require  reinforcing  when  they 
extend  over  4  or  5  ft.  This  reinforcing  is 
supplied  by  double  wales.  Double  wales  also 
serve  to  tie  prefabricated  panels  together  and 
keep  them  in  a  straight  line.  They  run 
horizontally  and  are  lapped  at  the  corners  of  the 
forms  to  add  rigidity,  Wales  are  usually  made 
from  the  same  material  as  the  studs. 

There  are  many  types  of  braces  whieh  can  be 
used  to  give  the  forms  stability.  The  most 
eommon  type  is  a  diagonal  member  and 
horizontal  member  nailed  to  a  stake  and  to  z 
stud  or  wale.  The  diagonal  member  should  make 
a  30°  angle  with  the  horizontal  member. 
Additional  bracing  may  be  added  to  the  form  by 
placing  vertical  members  (strongbacks)  behind 
the  wales  or  by  placing  vertical  members  in  the 
comer  formed  by  intersecting  wales.  Braces  are 
not  part  of  the  form  design  and  are  not 
considered  as  providing  any  additional  strength. 

The  shoe  plate  is  nailed  into  the  foundation 
or  footing  and  is  carefully  placed  to  maintain 
the  eorrect  wall  dimension  and  alinement.  The 
stuas  are  tied  into  the  shoe  and  spaced  according 
to  the  correct  design. 
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Figure  7-12.-r;orm  for  a  concrete  watt. 


In  order  to  maintain  proper  distance 
between  forms,  small  pieees  of  wood  are  cut  to 
the  same  length  as  the  thiekness  of  the  wall  and 
are  placed  between  the  forms.  These  are 
spreaders.  The  spreaders  are  not  nailed  but  are 
held  in  plaee  by  frietion  and  must  be  removed 
before  the  concrete  hardens.  A  wire  should  be 
securely  attached  to  the  spreaders  so  that  they 
can  be  pulled  out  after  the  eonerete  has  exerted 
enough  pressure  to  the  walls  to  allow  them  to  be 
easily  removed. 

Tie  wire  is  a  tensile  unit  designed  lo  hold  the 
concrete  forms  secure  against  the  lateral  pressure 
of  unhardened  concrete.  A  double  strand  of  tie 
wire  is  always  used. 


The  weight  of  the  plastic  concrete  will  cause 
the  sheathing  to  bulge  if  it  is  not  leinforced. 
Studs  are  run  vertically  to  add  rigidity  to  the 
wall  form.  Studs  are  generally  made  from  2  b>  4 
or  3  by  6  material. 


Wall  forms  are  usually  additionally 
reinforced  against  displacement  by  the  use  of 
TIES.  Two  types  of  simple  wire  ties,  used  with 
wood  SPREADERS,  are  shown  in  figure  7-I3. 
The  wire  is  passed  around  the  studs,  the  wales 
and  through  small  holes  bored  in  the  sheaihing* 
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Figure  7-13>-Wlre  tie*  for  wall  form*. 


The  spreader  is  placed  as  close  a_  ossible  to  the 
studs,  and  the  tie  is  set  taut  by  thv  wedge  shown 
in  the  upper  view,  or  by  twisting  with  a  small 
toggle  as  shown  in  the  lower  view.  When  the 
concrete  reaches  the  level  of  the  spreader,  the 
spreader  is  knocked  out  and  removed.  The  parts 
of  the  wire  which  are  inside  the  forms  remain  in 
the  concrete;  the  outside  surplus  is  cut  off  after 
the  forms  are  removed. 

Wire  ties  and  wooden  spreaders  have  been 
largely  replaced  by  various  manufactured  devices 
in  which  the  function  of  the  tie  and  the  spreader 
are  combined.  Figure  7- 14  shows  one  of  these:  it 
is  called  a  SNAP  TIE.  These  ties  are  made  in 
various  sizes  to  fit  various  wall  thicknesses.  The 
tie  holders  can  be  removed  from  the  tie  rod.  The 
rod  goes  through  small  holes  bored  in  the 
sheathing,  and  also  through  the  wales,  which  are 
usually  doubted  for  that  purpose.  Tapping  the 
tie  holders  down  on  the  ends  of  the  rod  Mngs 
the  sheating  to  bear  solidly  against  the  spreader 
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Figure  7-14. --Snap  tie. 


washers.  (To  prevent  tb^  tie  holder  from  coming 
loose,  drive  a  duplex  nail  in  the  provided  hole.) 
After  the  concrete  has  hardened,  the  tie  holders 
can  be  detached  to  strip  the  forms.  After  the 
forms  are  stripped*  a  special  wrench  is  used  to 
break  off  the  outer  sections  of  rod,  which  break 
off  at  the  breaking  points,  located  about  1  in. 
inside  the  surface  of  the  concrete.  Small  surface 
holes  remain,  which  can  be  plugged  with  grout  if 
necessary. 

Another  type  of  wall-form  tie  is  the  TIE 
ROD  shown  in  figure  7*15.  The  rod  in  this  type 
consists  of  three  sections:  an  inner  section  which 
is  threaded  on  both  ends,  and  two  threaded 
outer  sections.  The  inner  section,  with  the  cones 
set  to  the  thickness  of  the  wall,  is  placed 
between  the  forms,  and  the  outer  sections  are 
passed  through  the  wales  and  iseathing  and 
threaded  into  the  cone  nuts.  The  clamps  are 
then  threaded  up  on  the  outer  sections  to  bring 
the  forms  to  bear  against  the  cone  nuts.  After 
the  concrete  hardens,  the  clamps  are  loosened 
and  the  outer  sections  of  rod  are  removed  by 
threading  them  out  of  the  cone  nuts.  Alter  the 
forms  are  stripped,  the  cone  nuts  are  removed 
from  the  concrete  by  threading  them  off  the 
inner  sections  of  rod  with  a  special  wrench.  The 
cone*shaped  surface  holes  which  remain  may  be 
plugged  with  grout.  The  inner  sections  of  rod 
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Figure  7*15.-Tie  rod* 
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remain  in  the  concrete.  The  outer  sections  and 
the  cone  nuts  may  be  reused  indefinitely. 

Wall  forms  are  usually  constructed  as 
separate  panels,  each  made  by  nailing  sheathing 
to  a  number  of  studs.  Panels  are  joined  to  each 
other  in  line  as  shown  in  figure  7-16,  A  method 
of  joining  panels  at  a  corner  is  shown  in  figure 
7-17. 
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Figure  ?*16,~Joining  wall  form  pand<  together  inline. 
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Figure  7*17,— Method  of  birring  well  form  panoh  at  a 
corner, 
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Columns 


Beams  and  Girders 


Figure  7-18  shows  a  column  form.  Since  the 
rate  of  placing  in  a  column  form  is  very  high, 
and  the  bursting  pressure  exerted  on  the  form 
by  the  concrete  increases  directly  with  the  rate 
of  placing,  a  column  form  must  be  securely 
braced  by  the  yokes  shown  in  the  figure.  Since 
the  bursting  pressure  is  greater  at  the  bottom  of 
the  form  than  it  is  at  the  top,  the  yokes  are 
placed  closer  together  at  the  bottom  than  the> 
are  at  the  top. 

The  panels  for  the  form  are  made  up  first, 
by  nailing  the  yoke  members  to  the  sheathing. 
On  two  panels  the  yoke  members  come  flush 
with  the  edges  of  the  sheathing;  on  the  other 
two  they  project  beyond  the  edges  as  shown. 
Bolt  holes  are  bored  in  these  projections  as 
shown,  and  bolts  are  inserted  to  back  up  the 
wedges  which  are  driven  to  tighten  the  yokes. 
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Hgura  7- 18. -Column  form. 


The  type  of  construction  to  be  used  for 
beam  forms  depends  upon  whether  the  form  is 
to  be  removed  in  one  piece  or  whether  the  sides 
ait  to  be  stripped  and  the  bottom  left  in  place 
until  such  time  as  the  concrete  has  developed 
enough  strength  to  permit  removal  of  the 
shoring.  The  latter  type  beam  form  is  preferred 
and  details  for  this  type  are  shown  in  figure 
7-19.  Beam  forms  are  subjected  to*  very  little 
bursting  pressure  but  must  be  shored  up  at 
frequent  intervals  to  prevent  sagging  under  the 
weight  of  the  fresh  concrete. 

The  bottom  of  the  form  has  the  same  width 
as  the  beam  and  is  in  one  piece  for  the  full 
width.  The  sides  of  the  form  should  be 

1-  in.-thick  tongue-and-groove  sheathing  and 
should  lap  over  the  bottom  as  shown.  The 
sheathing  is  nailed  to  2-  by  4-in.  struts  placed  on 
3-ft  centers.  A  1- by  4-in.  piece  is  nailed  along 
the  struts.  These  pieces  support  the  joist  for  the 
floor  panel,  as  shown  in  figure  7-20.  The  beam 
sides  of  the  form  are  not  nailed  to  the  bottom 
but  are  held  in  position  by  continuous  strips,  ,as 
shown  in  detail  E.  The  cross  pieces  nailed  on  top 
serve  as  spreaders.  After  erection,  the  slab  panel 
joists  hold  the  beam  sides  in  position.  Girder 
forms  (fig.  7-19)  are  the  same  as  beam  forms 
except  that  the  sides  are  notched  to  receive  the 
beam  forms.  Temporary  cleats  should  be  nailed 
across  the  beam  opening  when  the  girder  form  is 
being  handled.  ^ 

The  entire  method  of  assembling  beam  and 
girder  forms  is  illustrated  in  figure  7*20.  The 
connection  of  the  beam  and  girder  is  illustrated 
in  detail  D.  Th*  beam  bottom  butts  up  tightly 
against  the  side  of  the  girder  form  and  rests  on  a 

2-  by  4-in.  cleat  nailed  to  the  girder  side.  Detail 
C  shows  the  joint  between  the  beam  and  slab 
panel  and  details  A  and  B  show  the  joint 
between  the  girder  and  column.  The  clearances 
given  in  these  details  are  needed  for  stripping 
and  also  to  allow  for  movement  that  will  occur 
due  to  the  weight  of  the  fresh  concrete.  The 
4  by  4  posts  (Detail  E)  used  for  shoring  the 
beams  and  girders  should  be  spaced  so  as  to 
provide  support  for  the  concrete  and  forms  and 
wedged  at  the  bottom  to  obtain  proper 
elevation. 
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TEMPORARY  SPREADER 


TEMPORARY  CLEAT 


2"  S4S 


1  X4"  LEDGER 
FOR  FLOOR  SLAB 
FORM  JOISTS 


1"  SHEATHING 


X  4  STUDS 


BEAM  FORM 


2  US 
SOFFIT 


CHAMFER 
STRIP 


Figure  7*19,-Typica1  beem  and  girder  forrm. 
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OILING  AND  WETTING  FORMS 

Before  concrete  is  placed  in  forms  which  are 
to  be  stripped,  the  forms  must  be  coated  with  a 
suitable  form  oil  or  other  material  which  will 


prevent  bond  between  the  forms  and  the 
concrete.  Almost  any  light-bodied  petroleum  oil 
makes  a  satisfactory  bond-preventer  for  wood 
forms.  The  use  of  oil  however,  should  be 
avoided  where  finished  concrete  surfaces  are  to 
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Figure  7-20,- Asm mbly  of  beam  and  floor  form*. 


be  painted*  However,  for  forms  which  are  lo  be 
reused  a  compound  is  preferable  which  will  not 
only  prevent  bond  but  also  protect  the  form 
material. 

On  plywood  forms,  lacquer  is  preferred  to 
ordinary  oil*  Commercial  lacquers  and  similar 
preparations  are  also  good,  (f  the  forms  are  to  be 
reused  a  good  many  times,  painting  is  a  good 
way  to  preserve  them. 

Ordinary  petroleum  oils  which  are 
satisfactory  for  wood  forms  -may  not  prevent 
bond  between  concrete  and  sled  forms.  For 
steel    forms    certain    specially  ^omp<jmnded 


petroleum  oils,  suth  ab  synthetic  castor  oil,  and 
some  types  of  manne  engine  oils,  should  be 
used. 

Since  ar\  form  oil  dropped  on  the 
reinforcing  jtej  (sec  next  section)  will  prevent 
bond  between  the  steel  and  concrete,  forms 
should  be  oiled  before  the  steel  is  set  in  place. 
Column  panels  and  wsJS  fom  panels  must  be 
oiled  before  they  are  erected.  Surfaces  which  are 
to  be  oiled  must  be  smooth,  and  the  oil,  which 
may  be  applied  by  brush,  sprayer,  or  swab,  must 
cover  evenly  and  without  holidays. 
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If  foim  oil  or  its  equivalent  is  not  available, 
the  forms  may  be  wetted  thoroughly  to  help 
prevent  sticking.  This  method  of  bond- 
prevention  should  be  used  only  when  a  suitable 
bond-preventing  compound  is  unobtainable. 


REINFORCED  CONCRETE 

Concrete  is  strong  in  compression,  but 
relatively  weak  in  tension.  The  reverse  is  true 
when  steeFis  used  in  the  concrete— one  makes  up 
for  the  deficiency  of  the  other.  When  steel  is 
embedded  in  concrete  in  a  manner  which  assists 
it  in  carrying  imposed  loads,  the  combination  is 
known  as  reinforced  concrete.  The  steel  may 
consist  of  wek^d-wire  mesh  or  expanded-metal 
mesht  but  it  commonly  consists  of  steel  bars 
called  REINFORCING  BARS. 

Before  placing  reinforcing  steel  in  forms*  all 
foim  oiling  should  be  completed.  Oil  on 
reinforcing  bars  is  objectionable  because  it 
reduces  the  bond  between  the  bars  and  the 
concrete.  Use  a  piece  of  burlap  to  clean  the  bars 
of  rust,  scale,  grease*  mud,  or  other  foreign 
matter.  A  tight  film  of  rust  or  mill  scale  is  not 
objectionable. 

There  are  several  types  of  ties  that  can  be 
used  with  deformed  bars:  some  more  effective 
than  others.  Figure  7-21  illustrates  the  six  types 
used  by  the  SEABEES:  (A)  snap  tie  or  simple 
tie;  (B)  saddle  tie;  (C)  wall  tie;  (D)  saddle  tie 
with  twist;  (E)  double  strand  single  tie;  and  (F) 
cross  tie  or  figure  eight  tie.  As  a  Builder*  you 
will  only  be  concerned  with  the  snap  tie  and 
saddle  tie. 

When  making  the  SNAP  TIE  or  SIMPLE 
TIE*  the  wire  is  simply  wrapped  once  around  the 
two  crossing  bars  in  a  diagonal  manner  with  the 
two  ends  on *top>  and  these  are  twisted  together 
with  a  pair  of  sidecutters  until  they  are  very 
tight  against  the  bars.  Then  the  loose  ends  of  the 
wire  are  cut  off.  This  tie  is  used  mostly  on  floor 
slabs.  When  making  the  SADDLE  TIE,  the  wires 
pass  halfway  around  one  of  the  bars  on  either 
side  of  the  crossing  bar  *nd  are  brought  squarely 
or  diagonally  around  the  crossing  bar*  with  the 
ends  twisted  together  and  cut  off.  This  tie  is 
used  on  special  locations  ( walls). 


727.80 

Figure  7-21  .-TyP**  of  ties. 


When  you  are  tying  reinforcing  bars  you 
must  have  a  supply  of  *!e  wire  available  There 
are  several  ways  you  can  carry  your  tie  wire 
One  way  is  to  coil  it  to  a  drimeter  of  l8inM 
then  slip  it  around  your  neck  and  under  one 
arm,  as  shown  in  figure  7-22,  Tills  leaves  a  free 
end  for  tying.  Coil  enough  wire  so  it  weighs 
about  9  lb. 

Another  way  to  carry  tie  wire  is  tc  take 
pieces  of  wire  about  9  in.  long*  fold  them  and 
hook  one  end  in  your  belt;  then  you  can  pull  tlie 
wires  out  as  needed.  The  tools  you  will  use  in 
tying  reinforcing  bars  include  a  6-ft-foldbig  rule, 
sidecutters,  leatliei  gloves,  50-ft  tape  measure* 
and  a  keel  crayon,  either  yellow,  red,  or  blue 

The  proper  location  for  the  reinforcing  ban 
is  usually  given  on  the  drawings.  In  order  for  the 
structure  to  withstand  the  loads  it  must  carry, 
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Figure  7-22, -Carrying  tie  wire. 


place  the  steel  in  the  position  shown.  Secure  the 
ban  in  position  in  such  a  way  that  they  will  not 
move  when  the  concrete  is  placed.  This  can  be 
accomplished  by  the  useof  the  reinforcing  bar 
supports  shown  in  figures  7-23,  7-24,  and  7-25- 
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Figure  7*23r-DeYices  u*ed  to  itipport  horizontal  re- 
inforcing ban. 
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Figure  7 -24,-Precart -concrete  block  uted  for  reinforcing 
steel  support. 


Footings  and  other  principal  structural 
members  which  are  against  the  ground  should 
have  at  least  3  in.  of  concrete  between  steel  and 
ground.  If  the  concret^  surface  is  to  be  in 
contact  with  the  ground  or  exposed  to  the 
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Figure  7-25.— Beam-reinforcing  Ueel  hung  in  place. 
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weather  after  removal  ol  the  forms,  the 
protective  covering  of  concrete  over  the  steel 
should  be  2  in.  It  may  be  reduced  to  I  |/2  in, 
far  beams  and  columns,  and  3/4  in,  for  slabs  and 
interior-wall  surfaces,  but  it  should  be  2  in,  for 
all  exterior  wall  surfaces. 

Specifications  and  designs  are  usually  used 
►when  wire  mesh  is  being  lapped.  However,  as  a 
rule  of  thumb,  one  complete  lap  is  usually 
sufficient  with  a  minimum  of  2  in.  between  laps. 
Whenever  the  mle  of  thumb  is  not  allowed,  use 
the  end-lap  or  side-lap  method. 

In  the  end-lap  method,  the  wire  mesh  is 
lapped  by  overlapping  one  full  mesh  measured 
from  the  end  of  the  longitudinal  wires  in  one 
piece  to  the  end  of  longitudinal  wires  in  the 
adjacent  piece,  and  then  tying  the  two  pieces  at 
1-ft  by  fc-in.  centers  with  a  snap  tie 

In  the  side-lap  method,  the  two  longitudinal 
side  wres  are  placed  one  alongside  and 
overlapping  the  other,  and  then  are  tied  with  a 
snap  tie  every  3  ft 

Wht  e  splices  in  reinforcing  steel  are  not 
dimensioned  on  the  drawings,  the  bars  should  be 
lapped  not  less  than  30  time*  the  bar  diameter, 
nor  less  than  '  2  m 

The  stress  in"  j  tension  bar  van  be  transmitted 
through  the  concrete  and  into  another  adjoining 
bar  b>  a  lap  spl^e  of  proper  length  The  lap  is 
expressed  as  the  number  of  bur  diameters  If  the 
bar  is  !\fo  2,  nuke  the  lap  ai  least  12  in  Tie  the 
bars  together  with  a  snap  tie,  as  shown  in  figure 
7-26. 

The  minimum  clear  distance  between 
parallel  bars  in  beams,  footings,  wads,  and  floor 
slabs  sJioutd  be  not  less  ihan  1  in,,  nor  less  than 
one  and  one-third  Utiles  the  largest  sue  aggregate 
particle  m  the  Concrete  In  columns,  the  clear 
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Figure  7-26  -Bars    heed  by  lapping, 
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Figure  7-27.— Reinforcing  steet  for  a  floor  slab. 


distance  between  parallel  ban  should  be  not  less 
than  one  and  one-halt  times  the  bar  diameter, 
1  1/2  times  the  maximum  size  of  the  coarse 
aggregate,  nor  I  1/2  inches. 

The  support  for  remioreing  it  eel  in  flooi 
slabs  is  shown  in  figure  7-27.  The  height  of  the 
slab  bolster  is  determined  by  the  conciete 
protective  cover  required.  Concrete  blocks  made 
of  sand-cement  mortar  can  be  used  in  place  of 
the  slab  bolster.  Wood  blocks  should  never  be 
used  for  this  purpose  if  there  is  any  po^sibilit> 
that  the  concrete  tan  become  wet  and  if  the 
construction  ts  of  a  permanent  type  Bar  chairs 
of  a  type  shown  in  figure  7-27  L-an  be  obtained 
in  heights  up  to  6  in.  If  a  height  greater  than  this 
is  required*  make  the  chair  of  No.  0  soft 
annealed  iron  wire.  Tie  the  bars  together  jf 
frequent  intervals  with  a  siiap  tie  where  tlie\ 
cross  to  hole  the  bars  firmly  in  position 

Steel  for  column  ties  may  be  assembled  with 
the  verticals  into  cages. by  laying  the  vertical b.irs 
for  one  side  of  the  column  horizontally  across  a 
couple  of  sawhorscs.  The  proper  number  oi  lies 
are  slipped  over  the  bars,  'be  remaining  vertical 
bars  are  added,  and  then  the  ties  are  spaced  out 
as  required  by  the  placing  plans.  A  sufficient 
humber  of  intersections  are  wired  together  to 
make  the  assembly  rigid,  so  that  it  ma\  be 
hoisted  and  set  as  a  unit. 

After  the  column  is  raised,  it  is  lied  to  the 
dowels  or  reinforcing  steel  carried  up  I  rum 
below.  This  holds  it  firmly  in  position  at  the 


BUILDER  3  &  2 


base.  The  column  form  is  erected  and  the 
reinforcing  steel  is  tied  to  the  column  form  at 
5-ft  intervals,  as  shown  in  figure  7-28, 

The  use  of  metal  supports  to  hold  beam 
reinforcing  steel  in  position  is  shown  in  figure 
7-29,  Note  the  position  of  the  beam  bolster  The 
stirrups  are  tied  to  the  main  reinforcing  steei 
with  a  snap  tte.  Wherever  possible,  you  should 
assemble  the  stirrups  and  main  reinforcing  steel 
outside  the  form  and  then  place  the  assembled 
unit  in  position.  Wood  blocks  should  be 
substituted  for  the  metal  supports  only  if  there 
is  no  possibility  of  the  concrete  becoming  wet  or 
if  the  construction  is  known  to  be  temporary, 
Precast  concrete  blocks*  as  shown  in  figure  7-24. 
may  be  substituted  for  metal  supports  or,  if 
nunc  of  the  types  of  bar  supports  described 
above  seem*  suitable,  the  method  shown  in 
figure  7-25  tnay  be  used, 

Placement  of  steel  in  walls  is  the  same  as  for 
column*  except  that  the  steel  is  erected  in  place 
and  not  ^reassembled  Horizontal  steel  is  tied  to 


127  MA 

Figure  7  28.  Securing  column  with  rtinforcing  steal 
against  diipJic&mtnt* 
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Figure  7  29, -Beam  reinforcing  iteet  supported  on  beam 
bolsters. 

vertical  steel  at  least  three  times  in  any  bar 
length.  Steel  in  place  in  a  wall  is  shown  in  figure 
7-30,  The  wood  block  is  removed  when  the  form 
has  been  filled  up  to  the  level  of  the  b!ock.  For 
high  walls,  ties  in  between  tlte  top  and  bottom 
should  be  used 

Steel  is  placed  in  footings  very  much  as  tt  is 
placed  in  floor  slabs.  Stones,  rather  than  steel 
supports,  may  be  used  to  support  the  steel  at  the 
proper  distance  above  the  subgrade.  Steel  mats 
in  small  footings  are  generally  preassembled  and 
placed  after  the  forms  have  been  set,  A  typical 
arrangement  is  shown  in  figure  7-31.  Steel  mats 
in  large  footings  are  constructed  in  place. 

Form  construction  has  its  peculiarities  in 
ckIi  job.  however,  certain  natural  conditions 
will  prevail  in  all  situations.  Wet  concrete  will 
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Figure  7-30,-$'*el  in  place  in  a  wait. 


Careless  nailing  and  exposed  nails  in  form 
work  cause  accidents,  all  nailing  should  be 
correctly  placed  and  secured. 

All  personnel  placing  concrete  in  elevated  or 
high  wall  forms  should  wear  hard  hats,  shirt 
sleeves  should  be  rolled  down  and  gloves  should 
be  worn.  These  precautions  are  for  safety  first 
and  also  to  assist  in  decreasing  the  exposure  of 
skin  to  "cement  poisoning/' 

As  a  crew  leader,  you  should  check  all  forms 
for  tightness  prior  to  each  pour. 

Tools,  particularly  hammers,  should  be 
inspected  frequently, 

Miid  sills  should  be  placed  under  shoring 
that  rest  in  the  ground. 

Raising  of  large  form  panels  should  not  be 
attempted  in  heavy  gusts  of  wind  either  by  hand 
or  by  crane. 
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Figure  7-31  -Steel  in  ptaco  in  a  footing. 


dw^y*  develop  h>(]rosMtii  pressure  and  strain 
on  top-.,..  Fheretore.  all  stakes,  braces,  waters, 
ties,  and  shebolts  should  bo  properl>  secured 
before  placing  concrete. 

The  use  of  safely  belts  by  personnel  lying 
reinforcing  bars  in  hjgh  places  will  expedite  the 
job  and  provide  safety  at  all  times 


CONCRETE  CONSTRUCTION 
JOINTS 

Construction  joints  are  used  between  the 
units  of  a  structure  and  located  so  tliey  will  not 
cause  weakness.  It  would  be  preferable 
theoretically  that  each  beam,  girder,  column, 
wall,  or  Door  slab  be  plaeed  in  one  operation  to 
produce  a  homogeneous  member  without  seann 
or  joints,  but  for  practical  reasons*  tins 
procedure  is  usually  impossible.  The  planes 
separating  the  work  done  on  different  days* 
called  a>mtrut,tion  joints*  are  placed  where  they 
will  t,ause  the  minimum  amount  of  weakness  to 
the  structure,  and  where  the  shearing  stresses 
and  bending  moments  are  small  or  where  the 
joints  will  be  supported  by  other  members. 

At  a  construction  joint  between  a  wall  and 
its  footing,  a  keyway  is  usually  necessary  to 
transfer  the  shearing  stresses,  A  keyway  must 
always  be  used  if  no  reinforcing  steel  or  dowels 
tie  the  wall  and  footing  together.  This  keyway 
t,an  be  formed  by  pressing  a  slightly  beveled 
2  by  4  into  the  concrete  before  it  has  set  and 
removing  the  2  by  4  after  the  concrete  has 
hardened.  The  2  by  4  should  be  well  oiied 
before  H  rs  used  Such  a  keyway  is  shown  in 
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figure  7-32.  If  the  wall  and  footing  can  be  placed 
at  one  time,  a  construction  joint  is  not 
necessary. 

VERTICAL  JOINTS 

If  it  is  desirable  to  deposit  the  concrete  for 
the  full  wall  height,  the  forms  should  be  divided 
into  sections  by  vertical  bulkheads  as  shown  in 
figure  7*33.  These  bulkheads  should  be  spaced 
so  that  tile  complete  section  can  be  filled  in  one 
continuous  operation.  Experience  has  shown 
that  the  V-joint  in  figure  7*34  is  less  likely  to 
break  off  than  the  joint  shown  in  figure  7*33  If 
reinforcing  steel  or  dowels  cross  the  joint  no 
projection  is  needed. 


BEAM,  COLUMN,  AND 
FLOOR  SLAB  JOINTS 


The  proper  place  to  end  a  pour  in 
construction   involving  beams,  columns,  and 
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Figut*  7-33.-Verttcal  bulkhead  in  wall. 
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Figure  7*32. -Conduction  joint  botwaan  wall  and  foot- 
tng  with  a  key  way. 
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Figure  7 -34. —Vertical  V -com miction  joint. 


floor  slabs  is  shown  in  figure  705.  The  concrete 
in  each  column  should  be  placed  to  the 
underside  of  the  beam  or  floor  slab  above.  A 
construction  joint  In  a  beam  or  floor  slab  should 
occur  at  the  center  of  the  span  so  as  to  avoid 
points  of  maximum  shear  At)  construction 
joints  in  beams  and  slabs  should  be  vertical. 
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CONSTRUCTION  JOINT  FOD  SlAB  AT  CENTER  OF  S*AN 


COLUMN  CONSTRUCTS  JOiNT  AT  LjNDE RSiOf  0*  COLUMN 

construction  joist  for  beam  at  center  of  span 
Figure  7-35,-Locationof  construction  joints  in  beam*,  cotumnf,  and  floor  itabf- 
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Reinforcmg  steel  or  doweU  should  extend  across 
the  joint,  A  beam  or  slab  should  never  be  placed 
m  two  Itfts  vertically,  for  this  produces  a  weak 
joint  between  the  two  layers. 

EXPANSION  AND 
CONTRACTION  JOINTS 

Shrinkage  of  concrete  during  hydration  ^ 
comparable  to  a  drop  in  temperatures  of  3(T  to 
80*r  depending  on  the  richness  of  the  mix. 
Contraction  joints  are  necessary  to  permit  the 
concrete  to  shrink  during  the  curing  process 
without  damage  to  the  structure.  The  operations 
office  Will  consider  the  best  place  for  the  joints 
from  a  standpoint  of  serving  the  purpose.  They 
are  usually  placed  where  there  is  a  change  in 
thickness,  at  offsets  and  where  the  concrete  will 
tend  to  crack  if  shrinkage  and  deformations  due 
to  temperature  are  restrained  Joints  should  be 
abou  t  30  ft  eenterfo-center  in  exposed 
structures 


i:X|>ansion  joints,  in  the  form  of  vertical 
joints  through  the  concrete,  are  used  to  isolate 
adjacent  units  of  a  structure,  to  prevent  cracking 
due  to  shrinkage  or  temperature  changes. 
(Generally,  an  expansion  joint  is  used  with  a 
premolded  mastic  or  cork  filler,  if  an  elongation 
of  adjacent  parts  and  a  closing  of  the  joint  is 
anticipated.  Expansion  joints  for  different  types 
of  structures  are  illustrated  in  figures  7-36 
through  7-38.  Expansion  joints  should  be 
installed  every  20  ft. 

The  purpose  of  contraction  joints  is  to 
control  eraeking  due  to  temperature  changes 
incident  to  shrinkage  6f  the  concrete.  Jf  the 
concrete  cracks,  it  will  usually  occur  at  these 
joints.  Usually,  the  contraction  caused  by 
shrinkage  will  offset  a  large  part  of  the 
expansion  due  to  a  rise  in  temperature. 
Contrition  Joints  are  usually  made  with  no 
filler  or  with  a  thru  coat  of  asphalt,  paraffin,  or 
some  other  material  to  break  the  bond.  Joints, 
as  shown  in  figure  7-30,  should  be  installed  at 
15-ft  intervals  or  closer  depending  on  the  extent 
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Figure  7-36.— Expansion  joint  for  wall. 


V  PREWOLDED  EXPANSION  JOINT 
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Figure  7-38, -Expansion  joint  for  floor  flab. 


of  local  temperalure  change  These  dummy 
contraction  joints  are  formed  by  cutting  to  a 
depth  of  one-fourth  to  one-third  the  thickness 
of  the  section-  Contract  ton  and  expansion  joints 
are  not  used  in  beams  and  columns.  Contraction 
and  expansion  joints  in  reinforced  concrete  floor 
slabs  should  be  placed  at  IS  to  25  ft  interval*  in 
each  direction. 


PLACING  CONCRETL 

Plan  ahead  before  placing  cuiurcte  b>  being 
prepared  with  the  necessary  material,  look  and 
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equipment.  Additionally.  K*  sure  complete 
compaction,  trimming,  and  moistening  of  the 
subgrade.  erecting  forms,  and  setting  of 
reinforcing  steel  has  been  completed. 

Concrete  will  not  attain  its  maximum 
possible  strength*  density,  and  uniformity  unless 
proper  methods  are  u^ed  to  plate  it  in  the  forms. 
Proper  methods  are  methods  which  will  insure 
the  thorough  filling  of  all  form  spaces*  while  at 
the  same  time  confining  segregation  to  a 
minimum. 

Concrete  should  be  deposited  in  even 
horizontal  layer*  and  should  not  be  puddled  or 
vibrated  into  plate.  The  layers  should  be  from  6 
to  24  in.  in  depth  depending  on  the  type  of 
construction.  The  initial  set  should  not  take 
place  before  the  next  layer  is  added.  After  the 
concrete  is  inplace*  to  prevent  honeycombing  or 
to  avoid  spaces  in  the  concrete,  the  concrete 
should  be  vibrated  or  spaded.  This  is  particularly 
desirable  in  wall  forms  with  considerable 
reinforcing.   Care  should   be   taken   not  to 
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Figure  7*37.— Expantion  joint  for  bridge. 
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Fijjurft  7'3&.-Dummy  construction  joint. 
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overvibrate,  because  segregation  and  a  weak 
surface  may  result. 

There  is  a  temptation,  in  the  interests  of 
time  and  effort,  to  drop  the  concrete  from  the 
point  to  which  it  has  been  transported  regardless 
of  the  height  of  the  forms,  but  the  free  fall  of 
concrete  into  the  forms  should  be  reduced  to  a 
maximum  of  3  to  5  ft  unless  vertical  pipes, 
suitable  drop  chutes,  or  baffles  are  provided, 

Concrete  should  be  deposited  in  horizontal 
layers  whenever  possible  and  each  layer 
consolidated  before  the  succeeding  layer  is 
placed,  bach  layer  should  be  placed  in  one 
operation.  In  ina^s  concrete  work,  where 
concrete  is  deposited  from  buckets,  the  layers 
should  be  fmm  15  to  20  in.  thick.  For 
reinforced  concrete  members,  the  lavers  should 
be  from  6  to  20  m  thick.  The  thickness  of  the 
layers  depends  on  tfie  width  between  iormsand 
the  amount  of  remlorcement. 

Concrete  should  be  placed  as  nearly  as 
possible  in  its  final  position  Horizontal 
movement  should  lv  avoided  since  tins  results  in 
segregation  because  mortar  tends  to  flow  ahead 
of  coarser  material  Concrete  should  be  worked 
thoroughly  around  the  reinforcement  and 
bedded  fixtures,  into  rhe  tomer>.  and  on  the 
sides  of  the  forms 

On  Urge  pours  so  as  to  avoid  excess  pressure 
on  lonns.  the  rate  ot  tilling  should  pot  jxeeed 
4  ft  per  lir  measured  vertically,  except  tor 
columns.  Placing  will  he  coordinated  so  that  the 
concrete  i%  not  deposited  faster  ihan  it  can  be 
properly  compacted  hi  order  to  avoid  cracking 
during  settlement  an  interval  ol  at  least  4  hr.  but 
preferabl)  24  hr,  should  elapse  between 
completion  of  minimis  and  walls  and  the  placing 
of  slabs*  beams,  or  girders  supported  by  them. 

(  or  walls,  the  first  hitches  should  be  placed 
al  the  ends  ol  the  section  Placing  should  then 
proceed  toward  the  center  fot  each  layei,  il 
more  than  one  lajei  is  necessary,  to  prevent 
water  from  collecting  at  the  ends  and  corners  ot 
the  tonus  fins  method  should  also  be  used  in 
placing  concrete  Jor  beaim  and  girders,  J  or  wall 
construction,  the  uMde  form  should  be  stopped 
oil  at  the  le\el  ol  construction  Owrtill  the  form 


for  about  2  in,  and  remove  the  excess  just  before 
setting  oceurs  to  insure  a  rough,  clean  surface. 
Before  the  next  lift  of  concrete  is  placed  on  this 
surface,  a  1/2-  to  Hn.-thick  layer  of 
sand*cement  mortar  should  be  deposited  on  it 
The  mortar  should  have  the  same  water  content 
as  the  concrete  and  should  have  a  slump  of 
about  6  in-  to  prevent  stone  pockets  and  help 
produce  a  watertight  joint. 

For  slabs,  the  concrete  should  be  placed  at 
the  far  end  of  the  siab,  each  bateli  dumped 
against  previously  placed  conerete. 

The  concrete  should  not  be  dumped  in 
separate  piles  and  the  piles  then  leveled  and 
worked  together.  Noi  should  the  concrete  be 
deposited  in  big  piles  and  then  moved 
horizontally  to  its  final  position,  since  this 
practice  results  in  segregation. 

Always  deposit  the  concrete  at  the  bottom 
ol  the  slope  lirst,  anil  proceed  up  the  slope  as 
each  batch  is  dumped  against  the  previous  one. 
Compaction  is  thus  increased  by  the  weight  of 
the  newly  added  concrete  when  it  is 
consolidated 


CONSOL1DATENG  CONCRETE 

With  the  exception  ol  concrete  placed  under 
water,  concrete  is  compacted  or  consolidated 
alter  placing.  Consolidation  may  be  ae- 
comphshed  by  the  use  of  handtools  such  as 
spades,  puddling  sticks,  and  tampers,  but  the  use 
ot  mechanical  \ibrators  is  preferred.  Compacting 
devices  must  reach  ihe  bottom  of  the  form  and 
must  be  small  enough  to  pass  between , 
reinforcing  bars.  Consolidation  eliminates  rock 
pockets  and  air  bubbles  and  brings  enough  fine 
material  to  the  surface  and  against  forms  to 
produce  rhc  desired  finish.  In  the  process  of 
consolidation,  the  concrete  is  carefully  worked 
around  all  lemlorcing  steel  to  assure  proper 
embedding  ol  the  steel  m  the  concrete. 
Displacement  of  reinforcing  steel  must  be 
avoided  since  the  stiengih  of  the  concrete 
nieitiber  depends  on  proper  location  ol  the 
reinforcement 
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Consolidation  is  effectively  accomplished  by 
use  of  mechanical  vibrators,  as  shown  jn  figure 
7^t0,  Vibrators  consolidate  concrete  by  pushing 
the  coarse  aggregate  down  and  away  from  the 
point  of  vibration.  With  vibrators,  it  is  possible 
to  place  concrete  mixtures  too  stiff  to  be  placed 
in  any  other  way.  In  most  structures*  concrete 
with  a  1-  or  2-in,  slump  can  be  deposited.  Stiff 
mixtures  require  less  cement  and  are  therefore 
more  economical  Moreover,  there  is  less  danger 
of  segregation  and  excessive  bleeding.  The  mix 
must  not  be  so  stiff  that  an  excessive  amount  of 
labor  is  required  to  place  it.  The  internal 
vibrator  involves  insertion  of  a  vibrating  element 
into  the  concrete.  The  external  type  is  applied 
to  the  forms.  It  is  powered  by  an  electric  motor, 
a  gasoline  engine*  or  compressed  air.  The 
internal  vibrator  should  be  inserted  in  the 
concrete  at  intervals  of  approximately  18  in,  for 
5  to  15  seconds  to  allow  some  overlap  of  the 
area  vibrated  at  each  insertion.  Whenever 
possible  the  vibrator  should  be  lowered 
vertically  into  the  concrete  and  allowed  to 
descend  by  gravity.  The  vibrator  should  pass 
through  the  layer  being  placed  and  penetrate  the 
layer  beiow  for  several  inches  to  insure  a  good 
bond  between  the  layers.  Under  normal 
conditions,  there  is  little  likelihood  of  damage 
from  the  vibration  of  lower  layers  provider  ae 
disturbed  concrete  in  these  lower  layers  becomes 
plastic  under  the  vib^itory  action.  Sufficient 
vibration  has  taken  place  when  a  thin  line  of 
mortar  appears  along  the  form  near  the  vibrator, 
when  the  coarse  aggregate  has  sunk  into  the 
concrete,  or  when  the  paste  just  appears  near  the 
vibrator  head.  The  vibrator  should  then  be 
withdrawn  vertically  at  about  the  same  rate  that 
it  descended.  The  length  of  time  that  a  vibrator 
should  be  left  in  the  concrete  depends  on  the 
slump  of  the  concrete.  Mixes  that  can  be  easily 
consolidated  by  spading  should  not  be  vibrated 
because  segregation  may  Occur,  Concrete  that 
has  a  slump  of  5  or  6  in.  should  not  be  vibrated. 
Vibrators  should  not  be  used  to  move  concrete 
any  distance  in  ihe  form.  Some  hand  spading  or 
puddling  should  accompany  vibration 

Hand  methods  for  consolidating  concrete 
include  the  use  of  spades  or  puddling  sticks  and 
various  types  of  tampers,  For  consolidation  by 
spading,  the  spade  should  be  sh^cd  down  along 
the  inside  surface  of  the  forms  through  the  layer 


BEFORE  VIBRATION 


AFTER  VIBRATION 

29.158 

Figure  740,-The  use  of  a  vibrator  to  consolidate 
concrete. 
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deposited  and  down  into  the  lower  layer  for  a 
distance  of  several  inches,  as  shown  in  figure 
7-41.  Spading  or  puddling  should  continue  until 
the  coarse  aggregate  has  disappeared  into  the 
mortar. 

PLACING  CONCRETE  UNDER  WATER 

Concrete  should  be  placed  in  air  rather  than 
under  water  whenever  possible.  When  it  is  placed 
under  water,  the  work  should  be  done  under 


29,757 

Figure  7-41. -Consolidation  by  spading  and  trie  spading 


experienced  supervision  and  certain  precautions 
should  be  Taken*  For  best  results,  concrete 
should  not  be  placed  in  water  having  a 
temperature  below  45°F  ana  should  not  be 
placed  in  water  flowing  with  a  veloeity  greater 
than  10  ft  per  minute*  although  saeked  concrete 
may  be  used  for  water  velocities  greater  than 
this.  If  the  water  temperature  is  below  45*F,  the 
temperature  of  the  concrete  when  it  is  deposited 
should  be  above  60*F  but  in  no  case  above 
8G*F,  If  the  water  temperature  is  above  45°F, 
no  temperature  precautions  need  be  taken. 
Coffer  dams  or  forms  muft  be  tight  enough  to 
reduce  the  current  to  less  than  10  ft  per  minute 
through  the  space  to  be  concreted.  Pumping  of 
water  should  not  be  permitted  while  concrete  is 
being  placed  or  for  24  hrs  thereafter. 

Concrete  can  be  placed  under  water  by 
several  methods,  the  most  common  of  which  is 
with  a  tremie.  The  tremie  method  involves  a 
device  as  shown  in  figure  7-42.  A  iremie  \$  a  pi(>e 
iuving  a  funnel-shaped  upper  end  mto  which  the 
concrete  is  led.  The  pipe  mu&l  be  long  enough  to 
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Figure  7-42.-Placing  concrete  under  water  with  a 
tremie . 
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reach  fruai  j  working  platform  above  water  lev  cl 
to  the  lowest  point  .it  whuh  the  concrete  is  tu 
be  deposited  Frequently,  the  tower  end  ul  the 
pipe  is  equipped  with  a  gate,  permitting  tilling 
before  insertion  in  water.  Tins  gate  can  be 
opened  from  abu\e  at  the  proper  time  The 
bottom  or  discharge  end  is  kept  continuously 
buried  in  newly  placed  concrete,  and  air  and 
water  are  excluded  from  the  pipe  b>  keeping  it 
constantly  filled  with  concrete  The  treirue 
should  be  lifted  slowly  to  permit  the  concrete  tu 
flow  out.  Care  imis!  be  taken  nut  tu  lose  the  seal 
at  the  bottom.  If  lost,  it  is  necessary  to  raise  the 
treinjc,  plug  the  lower  end,  and  lower  the  tremie 
into  position  again  The  tremie  should  not  be 
movrd  laterally  through  the  deposited  concrete* 
When  it  is  necessary  to  move  the  tremie.  it 
should  be  lifted  out  of  the  concrete  and  moved 
to  the  new  position,  keeping  the  top  surface  of 
the  concrete  as  level  as  possible  A  number  of 
tremies  should  be  used  if  the  concrete  is  to  be 
deposited  over  a  large  area.  The)  should  be 
spaced  on  20-  to  25-ft  centers.  Concrete  should 
be  supplied  at  a  uniform  rate  to  all  tremies  with 
no  interruptions  at  an1*  of  them.  Pumping  from 
a  mixer  is  11  e  best  method  ol  supplying  the 
concrete  LaJgc  tremies  can  be  suspended  from  a 


crane-  buuin  and  can  be  easily  raused  and  lowered 
with  the  boom.  Concrete  that  is  placed  with  a 
tremie  shcmld  hjve  a  slump  of  about  6  in.  and  a 
cement  content  of  seven  sacks  per  cubic  yard  of 
concrete  About  50  percent  of  the  total 
aggregate  should  be  sand  and  the  maximum 
coarse  aggregate  size  should  be  from  I  1/2  to 
2  in 

Concrete  can  be  placed  at  considerable 
depth  below  the  water  surface  b>  means  of 
open-top  buckets  with  a  drop  bottom-  Concrete 
placed  by  bucket  can  be  slightly  stiffer  than  that 
placed  by  tremie.  but  it  should  still  contain 
seven  sacks  ol  cement  per  cubic  yard-  The 
bucket  ts  completely  filled  and  the  tup  covered 
with  a  canvas  flap-  The  flap  is  attached  to  one 
side  of  the  bucket  only.  The  bucket  is  lowered 
slowly  into  the  water  so  thai  Hie  van*as  will  not 
be  displaced,  Concrete  must  nut  be  discharged 
from  the  bucket  before  the  surface  upon  which 
the  concrete  is  to  be  placed  ha^  been  reached, 
Soundings  should  be  made  frequently  so  that 
the  top  surface  is  kept  level 

hi  an  emergency,  concrete  can  be  placed 
under  water  in  sacks,  Jute  sacks  ot  about  1-cu  ft 
capacity,  filled  about  two-thirds  full,  are 
lowered   into  the   water,  preferably  shallow 
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water.  These  sacks  are  placed  in  header  and 
stretcher  courses,  interlocking  the  entire  mass.  A 
header  course  is  placed  sr  that  the  length  of  the 
sack  ts  at  right  angles  to  the  direction  in  which 
the  stretchepcourse  sacks  are  laid.  Cement  from 
one  sack  seeps  into  adjacent  sacks  and  they  are 
thus  bonded  together.  Experience  has  shown 
that  the  less  ine  concrete  under  water  is 
disturbed  after  placement,  the  better  it  will  be. 
For  this  reason,  compaction  should  not  be 
attempted 


FINISHING  CONCRETE 

The  concrete  limshing  process  may  be 
performed  in  many  ways,  depending  on  the 
effect  desired.  Occasionally  only  the  correction 
of  surface  defects,  such  us  filling  bolt  holes  or 
cleaning  is  necessary.  Unformed  surfaces  may 
require  only  Screeding  to  proper  contour  and 
elevation,  or  a  broomed*  floated,  or  troweled 
finiih  may  be  specified.  Each  step  of  the 
finishing  operation  is  discussed  below, 


SCREEDING 


The  first  step  in  finishing  a  stab  is 
SORfcEDlNG,  A  hand-operated  strike-off  board 
and  the  method  ol  using  it  are  shown  in  figure 
7-43-  The  chief  purpose  of  screeding  is  to  level 
the  surface  of  the  slab  by  striking  off  the  excess 
concrete  The  strike-off  board  rides  on  the  edges 
of  the  side  forms  or  on  wood  or  metal  strips 
< screeds >  set  up  for  th is  purpose  Two 
erewmembers  give  the  strike-off  board  a  sawing 
motion  while  moving  it  :ilong  the  slab 

Screeding  by  means  ol  mcihamcjl  equip- 
ment is  shown  in  figure  7-44 

The  vibrating  screed  is  being  used  more  and 
more  in  construction  tor  striking  off  concrete 
slabs  on  highways,  bridge  decks,  and  deck  slabs. 
The  screed,  incorporating  the  use  ol  vibration, 
permits  the  use  oi  stronger  and  more 
economical,  low  slump  concrele  as  it  strikes  of  I 
this  relatively  dry  material  smoothly  and 
quuMv    The  advantages  ol  vtbrjtion  are  greater 
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Figure  744, -Mechanical  screeding. 


density  and  stronger  concrete.  Not  only  do 
vibratory  finishing  screeds  give  a  better  fimsn. 
and  reduce  maintenance,  but  they  also  s(ive 
considerable  time  due  to  the  speed  at  which 
they  operate,  Then,  loo,  as  tar  as  the  crew  are 
concerned,  screeds  are  much  less  fatiguing  to 
operate  than  hand  strike  offs 

A  vibratory  finishing  screed  usually  consists 
ol  a  beam  or  beams  with  a  gasoline  engine  or  an 
electric  motor  and  vibrating  mechanism  which  is 
generally  mounted  in  the  center  ol  the  beam. 
Most  screeds,  are  exceedingly  heavy  jnd 
equipped  with  wheels,  and  a  raising  device  to 
facilitate  rolling  it  back  for  a  second  pjss 
However,  there  are  lightweight  screeds  which  are 
not  equipped  with  wheels,  and  jre  easily  lifted 
by  two  erewmembers  jnd  set  back  tor  the 
second    puss   if   required     The   vibration  is 
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normally  transmitted  through  the  length  of  the 
beam  directly  to  the  concrete. 

Scteeds  arc  pulled  by  either  rapes  or  pipe 
handles  by  a  crewmember  at  each  end.  The 
speed  at  which  it  is  pulled  is  directly  related  to 
the  siump  of  the  concrete-the  less  the  slump, 
the  slower  the  speed-the  more  the  sump,  the 
faster  the  speed.  The  finishing  screed*  having  no 
transverse  (crosswise)  movement  of  the  beam,  is 
merely  drawn  directly  forward  riding  on  the 
forms  or  rails,  (See  fig,  7*44,)  Whether  the 
screed  is  electric  motor  or  gas  engine  operated* 
in  either  case  a  method  is  provided  to  quickly 
siVt  or  stop  the  screed's  vibration.  This  is 
important  to  prevent  overvibration  when  the 
screi  d  might  be  standing  still. 

The  concrete  is  usually  placed  from  15  to 
20  ft  ahead  of  the  strikeboard  and  shoveled  is 
close  as  possible  to  its  final  resting  place.  The 
screed  is  then  put  into  operation  and  pulled 
along  by  two  crewmembers  (one  at  each  end  of 
the  screed),  (See  fig.  7-45  )  It  is  very  important, 
that  sufficient  concrete  is  kept  in  front  of  the 
screed.  Should  the  concrete  be  below  the  level 
of  the  screed  beam,  voids  or  bare  spots  will 
appear  on  the  concrete  surface  as  the  screed 
passes  over  the  slab.  Should  this  occur,  a 
shovelful  or  so  of  concrete  is  throvo  on  the  bare 
spot,  and  the  screed  is  lifted  up  and  carried  back 


for  a  second  pass.  In  some  cases,  the  screed  crew 
will  endeavor  to  work  out  the  void  or  bare  spot 
with  a  Hand-operated  bull  float,  rather  than 
make  the  second  pass  with  the  screed.  It  may  be 
found  that  intermediate  vibration  speeds  are 
more  desirable  for  particular  mixes  and  different 
length  beams.  Generally,  the  stiffer  the  mix  and 
the  longer  the  beam,  the  greater  the  vibration 
speed  required.  Then,  too,  the  speed  at  which 
the  screed  is  moved  will  affect  the  resulting 
finish  of  the  slab.  After  a  few  minutes  of 
operation,  a  satisfactory  vibration  speed  and 
pulling  speed  can  be  established.  After  the 
vibratory  finishing  screed  has  passed  over  the 
slab*  the  surface  is  then  ready  for  broom  or 
burlap  finishing. 

Where  possible,  it  is  advisable  to  lay  out  or 
engineer  the  concrete  slab  specifically  for  use  of 
a  vibrator>  finishing  screed.  Forms  should  be 
laid  out  in  lanes  of  equal  widths,  so  that  the 
same  longth  screed  can  be  used  on  all  lanes  or 
slabs,  it  should  also  be  planned*  if  possible,  that 
an>  vertical  columns  will  be  next  to  the  forms, 
so  that  the  screed  can  easily  be  lifted  or 
maneuvered  around  the  column. 

The  following  are  the  important  advantages 
of  using  a  vibratory  finishing  screed: 

1,  It  allows  the  use  of  low  slump  concrete 
resulting  in  stronger  slabs. 
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Figur*  7<45,-Pulting  a  mechanical  screed, 
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2.  It  reduces  and  sometimes  eliminates  the 
necessity  of  bull  floating. 

3.  It  increases  the  density  of  the  concrete 
resulting  in  a  superior  wearing  surface. 

4.  In  the  case  of  floor  slabs,  it  makes  it 
possible  to  start  troweling  sooner  since  drier 
mixes  can  be  used  which  set  up  more  quickly, 

FLOATING 

If  a  smoother  surface  is  required  than  the 
one  obtained  by  screeding,  the  surface  should  be 
worked  sparingly  with  a  wood  or  metal  float  or 
finishing  maehine.  A  wood  float  and  the  method 
of  using  it  is  shown  in  figure  7*46.  This  process 
should  take  place  shortly  after  screeding  and 
while  the  concrete  is  still  plastic  and  workable. 
High  spots  are  eliminated,  low  spots  filled  in, 
and  enough  mortar  is  brought  (floated)  to  the 
surface  to  produce  the  desired  finish.  The 
concrete  must  not  be  overworked  while  it  is  still 
plastic  to  avoid  bringing  an  excess  of  water  and 
mortar  to  the  surface.  This  fine  material  will 
form  a  thin,  weak  layer  that  will  scale  or  wear  off 
under  usage.  Where  a  coarse  texture  is  desired  as 
the  final  finish,  it  is  usually  necessary  to  float 
the  surfaee  a  second  time  after  it  lias  partially 
hardened  so  that  the  required  surface  will  be 
obtained.  In  slab  construction,  long^handled 
wood  floats  are  used,  as  shown  in  figure  7-47, 
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Figure  7-40,^Wood  float  and  floating  operation. 
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Figure  7-47.— Long -handle  wood  float  and  floating 
operation. 

The  steel  float  is  used  the  same  way  as  the  wood 
Float,  but  it  gives  the  finished  concrete  a  nueh 
smoother  surface. 

To  avoid  cracking  and  dusting  of  the 
finished  concrete,  steel  floating  should  begin 
when  the  sheen  of  the  water  disappears  from  the 
concrete  surface.  Cement  or  water  should  not  be 
used  to  aid  in  finishing  the  surface, 

EDGING 

As  the  sheen  of  water  begins  to  lea\e  the 
surface*  edging  should  begin  All  edges  of  the 
slab,  which  do  not  abut  another  structure*  arc 
finished  with  an  edger  (fig,  7-48)  which  dresses 
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Figure  7-48.- Edger 
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corners,  and  rounds  or  bevels  the  concrete  edges,  where  a  wear-resistant  and  dujable  surface  is 

Erfgtng  the  slab  helps  prevent  chipping  at  the  required.  Wet  spot*  tnust  bt?>avoided  if  possible; 

corners  when  the  concrete  is  struck  with  a  hard  when  they  do  occur*  finishing  operations  should 

object  and  presents  a  finished  appearance,  not  be  resumed  until  the  water  has  been 

i  absorbed*  has  evaporated,  or  has  been  mopped 

TROWELING                                      \  up,  A  surface  that  is  fine  textured*bur  not 

\  slippery  may  be  obtained  by  troweling  lightly 

If  a  dense,  smooth  finish  is  desired,  float tn a  over  the  surface   with    a  circular  motion 

must  be  followed  by  steel  troweling  (fig,  7-49\  immediately  after  tit e  fir^t  regular  troweling.  In 

at  some  time  after  the  moisture  film  or  sheen  \  this  process,  the  trowel  is  kept  flat  on  the 

disappears  from  the  floated  surface  and  when  surface  of  the  concrete.  Where  a.HARD  3TEEL- 

the  concrete  has  hardened  enough  to  prevent  TROWELED  FINISH   is  required,  the  first 

fine  material  and  water  from  being  worked  to  regular   troweling  is  followed  by  a  second 

the  surface  This  step  should  be  delayed  aslong  troweling  after  the  concrete  has  become  hard 

as  possible.  Excessive  troweling  too  early  tends  enough  so  that  no  mortar  adheres  to  the  trowel 

to  produce  crazing  and  lack  of  durability;  too  and  a  ringing  sound  is  produced  as  the  trowel 

long  a  delay  in  troweling  results  in  a  surface  too  passes  over   the  surface.   During  tins  final 

hard  to  finish  properly,  The  usual  tendency  is  to  troweling,  the  trowel  should  be  utted  slightly 

start  to  trowel  too  soon.  Troweling  should  leave  and  heavy   pressure  ^exerted   to  thoroughly 

the  surface  smooth,  even*  and  free  of  marks  and  compact  the  surface.  Hairline  cracks  are  usually 

ripples  Spreading  dry  cement  on  a  wet  surface  due  to  a  concentration  of  water  and  fines  at  the 

to  take  up  excess  water  is  not  good  practice  surface  resulting  from  overworking  the  concrete 

during  finishing  operations.  Such  cracking  is 
aggravated  by  too  rapid  drying  and  cooling. 
Checks  that  develop  before  troweling  ustially 
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Figure    749. -Steal    finishing   tools   and   troweling  133,498 
operation Figure  7  50, -Mechanical  trowelmg  machine 
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advantage  on  flat  slabs  with  stiff  consistency. 
The  concrete  ipust  be  set  enough  to  support  the 
weight  of  the  machine  and  the  operator 
Machine  finishing  is  faster  than  by  hand,  where 
the  machine  will  fit  in  with  the  type  of  con- 
.  stniction*  Refer  to  the  manufacturers  manual 
^for  operation  and  maintenance  of  the  machine 
you  are  using,  5 

BROOMING 

A  nonskid  surface  can  be  produced  by 
brooming  the  concrete  before  it  has  thoroughly 
hardened,  Broomirtg  is  carried  out  after  the 
floating  operation.  For  some  floors  *and 
sidewalks  where  severe  scoring  is  not  dpsirable, 
the  broomed,finish  can  be  produced  with  a  hair 
brush  after  the  surface  has  been  troweled  to  a 
smooth  finish  once.  Where  rough  scoring  is 
required,  a  stiff  broom  made  of  steel  wire  or 
coarse  fiber  should  be  used.  Brooming  should  be 
done  in  such  a  way  that  the  direction  of  the 
scoriiig  is  at  right  angles  to  the  direction  of  the 
traffic 

GRINDING 

When  properly  constructed  of  good  quality 
materials,  ground  floors  are  dust  less,  dense* 
easily  cleaned,.,  and  attractive  in  appearance* 
When  grinding  1s  specified,  it  should  be  started 
after  the  surface  has  hardened  sufficiently  to 
prevent  dislodgment  of  aggregate  particles  and 
should  be  continued  tin  til  the  coarse  aggregate  is 
exposed*  The  machines  used  should  be  of  an 
approved  type  with  stones  that  cut  freely  and 
rapidly*  The  floor  is  kept  wet  during  the 
grinding  process,  and  the  cuttings  are  removed 
by  squeegeeing  and  flushing  with  water.  After 
the  surface  is  ground,  airholes,  pits,  and  other 
blemishes  are  filled  with  a  thin  grout  composed 
of  I  part  No,80-grain  carborundum  grit  and  I 
part  portjand  cement.  This  grout  is  spread  over 
the  floor  and  worked  into  tho  pits  with  a 
straightedge*  after  which  it  is  rubbed  into  the 
floor  with*  the  grinding  machine.  When  the 
fillings  have  hardened  for  f  days,  the  floor 
receives  a  final  grinding  to  remove  the  film  and 
to  give  the  finish  a  polish.  All  surplus  material  js 
then  removed  by  washing  thoroughly 


SACK>RUBBED  FINISH 

A  sack-rubbed  finish  is  sometimes  necessary 
when  the  appearance  of  formed  concrete  falls 
considerably  below  expectations*  This  treatment 
is  performed  after  all  required  patching  and 
correction  of  major  imperfections  have  been 
completed* 

The  surfaces  are  thoroughly  wetted  and  sack 
rubbing  is  commenced  while  thuy  are  still  damp* 
The  mortar  used  consists  of  1  part  cement;  2 
*parts,  by  volume,  of  sand  passing  a  No.  16 
screen;  and  enough  water  so  that  the  consistency 
of  the  mortar  will  be  that  of  a  thick  cream*  It 
may  be  necessary  to  blend  (Jie  cement  with 
white  cement  to  obtain  a  color-that  will  match 
*  that  of  the  surrounding  concrete  surface*  The 
mortar  is^ubbed  thoroughly  over  the  area  with 
clean  burlap  or  sponge  rubber  float,  so  as  to  fill 
all  pits*  While  the  mortar  in  the  pits  is  still 
plastic*  the  surface  should  be  rubbed  over  with  <i 
dry  mix  of  the  ab6vc  proportions  and  material. 
TMs  serves  to  remove  all  of  the  excess  plastic 
material  and  Place  enough  dry  material  in  the 
pits  to  stiffen  and  solidify  the  mortar  so  that  the 
fillings  will  bp  flush  with  the  surface*  No 
material  should  remain  on  the  surface  except 
that  within  the  £.ts  Curing  of  the  surface  is  then 
continued. 

RUBBED  FINISH 

A  rubbed  finish  is  required  when  a  uniform 
and  attractive  surface  must  be  obtained  although 
it  is  possible  to  produce  a  surface  of  satisfactory 
appearance  without  rubbing  if  plywood  or  lined 
forms  are  used.  The  first  rubbing  should  be  done 
with  coarse  carborundum  stones  as  soon  as  the 
concrete  has  hardened  so  that  the  aggregate  is 
not  pulled  out.  The  concrete  should  then  be 
cured  until  final  rubbing*  Finer  carborundum 
stones  are  used  for  the  final  rubbing*  The 
concrete  should  be  kept  damp  while  being 
rubbed.  Any  mortar  used  to  aid  in  this  process 
and  left  on  thr  surface  should  be  kepi  damp  for 
I  to  2  days  after  it  sets  in  order  to  cure 
properly.  The  mortar  layer  should  be  kept  to  the 
minimum  as  it  is  likely  to  scale  off  and  mar  the 
appearance  of  the  surface 
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EXPOSED- AGGREGATE  FINISH 

An  exposed- aggregate  finish  provides  a 
nonskid  surface  when  the  specifications  rail  for 
it  To  obtain  this  finish,  the  concrete  is  allowed 
to  harden  sufficiently  to  support  the  finisher. 
The  aggregate  is  exposed  by  brushing  and 
flushing  the  concrete  surface  with  water  Since 
timing  is  important,  test  panels  should  be  used 
to  determine  the  correct  time  to  expose  the 
aggregate. 


CURING  CONCRETE 

As  previously  mentioned,  concrete  hardens 
as  a  result  of  the  HYDRATION  of  the  cement 
by  the  water  Freshly  placed  concrete  contains 
more  than  enough  water  to  hydrate  the  cement 
completely,  but  if  the  concrete  is  not  protected 
against  drying  out  the  water  content,  especially 


at  and  near  the  surraee,  the  water  content  will 
drop  below  that  required  for  complete 
hydration. 

The  procedure  called  CURING  is  designed  to 
prevent  surface  evaporation  of  water  during  the 
period  between  beginning  and  final  set.  Concrete 
takes  a  beginning  set  in  about  I  hr,  a  final  set 
takes  about  7  days. 

Curing  is  brought  about  by  keeping  the 
concrete  surfaces  continuously  moist.  De* 
pending  upon  the  type  of  structure,  this  may 
be  done  by  spraying  or  ponding;  by  covering 
with  continually  moistened  earth,  sand,  burlap, 
straw,  or  by  covering  with  a  water-retaining 
membrane. 

Concrete  made  with  ordinary  cement  should 
be  kept  moist  for  a  minimum  of  7  days.  It 
should  b$  protected  from  direct  sunlight  for  at 
least  the  first  3  days  of  the  curing  period.  Wet 
burlap  is  excellent  for  this  purpose.  Wood  forms 
left  in  place  also  furnish  good  protection  against 
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Figure  7-61  ^Sprinkling  burlap  matt  uwi  for  curing. 
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sunlight,  but  they  should  be  loosened  at  the 
time  when  they  might  safely  be  removed,  and 
the  space  between  the  forms  and  the  concrete 
shou'd  be  flooded  with  water  at  frequent 
intervals.  t 

Curing  by  ponding  is  usually  confined  to 
large  stabs.  An  earth  dike  is  built  around  the  area 
to  be  cured,  and  the  space  inside  the  dike  is 
filled  with  watei. 

A  highway  pavement,  laid  in  the  open  air 
and  perhaps  under  a  hot  sun.  is  especially  likely 
to  dry  out  rapidly.  It  is  vita!  that  the  pavement 
receive  full  and  continuous  protection  for  the 
full  time  set  in  the  specifications,  but  it  is  during 
the  first  few  days  tha;  pavement  is  most  affected 
by  drying.  The  first  24  hours  are  the  most 
important  of  ail 

In  hot  weather,  the  pavement  should  be 
protected  as  soon  as  the  Ubt  finishing  operation 
is  completed.  This  is  best  accomplished  by 
placing  a  wet-burlap  or  cotton-mat  cover  over 
the  concrete  jnd  keeping  the  cover  moist  by 
sprinkling  with  a  fine  spray,  as  shown  in  figure 
7-5 1     Riis    procedure    will    prevent    1 1AI R 


CHECKS,  or  fine  surface  cracks  which  occur 
when  the  surface  dnes  out  much  faster  than  the 
iinderlyi.^2  mass. 

The  coverings  may  be  either  burlap  or 
cotton  mats.  Burlap  covers  consist  of  two  or 
more  layers  of  burlap  having  a  combined  weight 
of  14  oz  or  more  per  square  yard  in  a  dry 
condition.  Burlap  should  either  be  new  or  have 
been  used  only  for  curing  concrete.  Cotton  mats 
and  bnrlap  strips  should  have  a  length,  after 
shrinkage,  of  at  least  I  ft  greater  than  necessary 
to  cover  the  entire  width  and  edges  of  the 
pavement  lane.  The  mats  should  overlap  each 
other  at  least  6  in.  The  mats  should  be 
thoroughly  *wetted  before  placing  and  kept 
continuously  wet  ond  in  intimate  contact  with 
the  pavement  edges  and  surface  for  the  duration 
of  the  required  curing  period. 

When  the  waterproof-paper  blankets  or 
impermeable  sheets  are  used*  the  surface  of  the 
concrete  should  be  wetted  with  a  fine  spray  of 
water  and  then  covered  with  waterproof-paper 
blanketb  (fig  7-52).  Polyethylene-coated-burlap 
blankets  or  polyethylene  sheets  if  available-  The 


Ptquro  1  52  -Waterproof -c Li nnq  Papa*  used  after  burlap  curing 
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burlap  of  the  polyethylene-coated  burlap  should  Hay  and  straw  absorb  moisture  readily  and 

be  thoroughly  saturated  with  water  before  retain  it  well.  The  minimum  depth  of  a  layer 

placing     The    waterproof-paper    blankets,  should  be  at  least  6  in.  Whatever  wet  method  of 

polyethylene-coated-burlap  blankets,  or  poly-  curing  is  used,  the  entire  pavement  from  edge  to 

ethylene  sheeting  should  be  #n  pieces  large  edge  must  be  KEPT  wet  during  the  entire  curing 

enough  to  cover  the  entire  width  and  edges  of  period. 

the  slab.  (Polyethylene  sheets  carefully  tapped  Much  pavement  curing  is  done  by  the 
will  eliminate  the  necessity  for  two  curing  mechanical  application  of  membranes  to  the 
treatments.  This  material  is  also  lighter,  cheaper,  surface.  The  entire  exposed  surface  of  the 
and  mor<*  easily  handled  than  polyethylene-  concrete  should  be  uniformly  coated  with  a 
coated-burlap.)  The  sheets  should  be  placed  pigmented  membrane  curing  compound.  The 
with  the  light-colored  side  up.  Adjacent  curing  compounds  are  either  wax  or  resin  base, 
sheets  should  overlap  not  less  than  12  in.  The  concrete  should  not  be  allowed  to  dry  out 
with  ;he  lapped  edges  securely  weighted  before  the  application  of  membrane.  If  any 
down  and  cemented  or  taped  to  form  a  drying  has  occurred*  the  surface  of  the  concrete 
continuous  cover  and  a  completely  closed  joint.  should  be  moistened  with  a  spray  of  water. 
These  coverings  must  be  adequately  weighted  The  curing  compound  is  applied  to  the 
down  to  prevent  displacement  or  billowing  from  finished  surfaces  by  an  approved  automatic- 
winds.  Covering  should  be  fol  Jed  down  over  the  spraying  machine  (fig.  7-53)  as  soon  as 
side  of  the  pavement  edges  anJ  secured  by  a  the  free  waur  has  disappeared.  The  spraying 
continuous  bank  of  earth  or  other  approved  machine  should  be  self-propelled  and  ride  on  the 
means  Tears  and  holes  must  be  patched  side  forms  or  previously  constructed  pavement, 
immediately  The  coverings  should  remain  in  straddling  the  newly  paved  lane.  The  machine 
place  during  the  entire  specified  curing  period.  should  be  equipped  with  a  spraying  nozzle  or 
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nozzles  thd t  can  be  controlled  and  operated  to 
completely  and  umlorml)  eoier  the  pavement 
surf ico  with  the  required  amount  of  curing 
compound.  The  airing  compound  m  the  storage 
drum  used  for  the  spraying  operation  should  he 
thoroughly  and  continue rsl>  agitated  mechan- 
ic illy  throughout  the  lull  depth  ot  the 
(bum  during  the  application.  Air  agitation  ina> 
fje  used  only  to  supplement  mechanical 
agitation  Splaying  pressure  should  be  sufficient 
to  produce  a  fine  spray  and  (.over  the  surface 
thoroughly  and  completely  with  a  uniform  him. 
Spray  equipment  must  In:  maintained  in 
first-class  mechanical  condition  and  the  spray 
nozzle  should  be  provided  with  an  adequate 
wind  guard  Hie  curing  compound  should  be 
applied  with  an  overlapping  coverage  that  will 
give  a  two-coat  application  at  a  coverage  ot  not 
more  than  200  sq  ft  per  #il  tor  both  outs. 

The  application  ot  airing  compound  by 
hand-operated  pressure  sprayers  is  satislaetoty 
only  on  odd  widths  or  shapes  of  slabs  and  on 
concrete  surfaces  exposed  by  the  removal  ot 
forms,  as  authorized  When  application  is  made 
by  hand-operated  sprayeis,  the  second  umi  is 
applied  in  a  djrection  appro\unatel>  ut  ngtil 
angles  to  the  direction  ot  the  first  coat.  Hie 
compound  should  tonn  a  unilonu,  continuous, 
cohesive  tihu  that  will  not  check,  crack,  or  peel, 
and  be  free  Irom  pinholes  and  other 
imp er let  lions  II  distant  muities,  pinholes,  or 
abrasions  exist,  air  additional  coat  should  be 
applied  to  the  allccted  areas  within  30  minute^ 
Concrete  siirlaves  that  are  subjected  to  heavy 
rainfall  wilhui  3  hour*  alter  the  curing  coin- 
pound  lias  l>een  applied  should  be  resprayctl 

Necessary  precautions  should  be  taken  hi 
assure  that  the  concrete  rs  properly  cored  at  the 
joints,  but  that  no  curing  compound  enters  the 
joints  that  are  to  be  sealed  with  joint-sealing 
compound.  The  top  of  the  joint  opening  and  the 
joint  groove  at  exposed  edges  should  be  tightly 
scaled  as  soon  as  the  joint-sawing  operations 
have  b'vn  completed.  After  application  of  the 
seal,  the  concrete  in  the  region  of  the  joint 
should  be  sprayed  with  tunng  compound-  The 
method  used  lor  sealing  the  joint  groove  is  also 
effective  in  preventing  loss  of  moisture  from  the 
joint  during  the  entire  specified  curing  period. 

Approved  standby  facilities  fo.  curing 
co^rete  pamnenl  should  be  provided  ,il  (i 
location  readily   j^t^ssible  to  the  Mie  *i1  tlu 


work,  lliese  would  be  for  use  in  the  event  of 
mechanical  lailtne  of  the  spraying  equipment  or 
any  other  conditions  that  might  prevent  correct 
application  ot  the  inern bran e-eti ring  compound 
at  the  proper  time 

Concrete  surfaces  to  winch  membrane  curing 
compounds  have  been  applied  should  be 
adequately  protected  for  the  duration  of  the 
entire  curing  period  from  pedestrian  and 
v  ehicular  traffic,  except  as  required  for 
joint-sawing  operations  and  surface  tests,  ar.J 
from  any  other  possible  damage  to  the 
continuity  of  the  membrane.  Any  area  covered 
with  curing  compound  that  is  damaged  by 
subsequent  conslnietion  operations  within  the 
curing  period  must  be  resprayed. 


REMOVAL  OF  FORMS 

Forms  should,  whenever  possible,  be  left  in 
place  tor  the  entire  curing  period  (about  7  days), 
t  onus  which  are  to  be  reused,  however,  must  be 
stripped  tor  leuse  as  soon  as  possible  In  any 
event,  lorms  must  not  be  stripped  until  the 
concrete  has  hardened  enough  to  hold  its  own 
weight  and  any  oilier  weight  it  may  be  carrying. 
Hie  surlace  must  be  hard  enough  to  remain 
uninjured  and  utmiaiked  when  reasonable  care  is 
used  m  stripping  the  t^rins 

Under  ordinary  ci  renin  stances,  I  onus  for 
various  types  ol  loiisIiuUjoji  may  he  removed 
alter  nitenals  as  (ollows 

I  launch  boards  (side  loriusi  on 

girders  beanu                   -  ,  I  day 

Soffits  on  gjrdeis  a\u\  h-\nns  7  days 

Moor  >bb  tonus             .  .  JO  days 

Wall  lornib  I  day 

Column  bums  3  days 

Alter  removing  the  loinis,  the  concrete 
should  be  inspected  lor  suilace  delects.  These 
detects  maj  be  rock  pockets,  inierioi  quality, 
ndges  at  torm  joints,  bulges,  bolt  ho'es  and 
form-stripping  damage  hxperieiae  has  proven 
that  n n  steps  can  be  omitted  or  carelessly 
perlorrneu  without  harming  th  :  serviceability  ot 
the  work  It  not  propeily  pcrlorined,  the 
repaired  area  will  lain  be  ton:-*  loose,  will  crack 
t    the  edges    and   will   n  t   be  watertiglit 
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Sometime  repairs  may  not  be  necessary,  but  if 
they  are  necessary,  they  should  be  done 
immediately  after  stripping  the  forms  (within  24 
hours).  ^ 

Various  defects  can  be  repaired  in  various 
ways;  therefore,  we  will  discuss  repairing  seveial 
defects  that  you  may  encounter  when  inspecting 
new  concrete. 

RIDGES  and  BULGES  may  be  repaired  by 
careful  chipping  followed  by  nibbing  with  a 
grinding  stone. 

Defective  areas  such  as  HONEYCOMB  must 
be  chipped  out  of  solid  concrete,  the  edges  cut 
as  straight  as  possible  at  right  angles  to  the 
surface  or  slightly  undercut  to  provide  a  key  at 
the  edge  of  the  patch.  If  a  shallow  layer  of 
mortar  is  placed  on  top  of  the  honeycomb 
concrete,  moisture  will  form  in  the  v~ids  and 
subsequent  weathering  will  cause  the  mortar  to 
spall  off.  Shallow  patches  may  be  filled  with 
mortar  placed  in  layers  not  more  than  1/2  in, 
thick.  Each  layer  is  given  a  scratch  finish  to 
match  the  surrounding  concrete  by  floating, 
rubbing  or  tooling  or  on  formed  surfaces  by 
pressing  the  form  material  against  the  patch 
while  the  mortar  is  still  in  place. 

Large  or  deep  patches  may  be  filled  with 
concrete  held  in  place  by  forms.  These  patches 
should  be  reinforced  and  doweled  to  l lie 
hardened  concrete  (fig,  7-54).  Patches  usually 
appear  darker  than  the  surrounding  concrete. 
Some  white  cement  should  be  used  in  the 
mortar  or  concrete  used  for  patching  if 
appearance  js  important,  A  trial  mix  should  be 
tried  to  determine  the  proportion  of  white  and 
gray  cements  to  use.  Before  mortar  or  concrete 
is  placed  in  patches,  the  surrounding  concrete 
should  be  kept  wet  for  several  hours,  A  grout  of 
cement  and  water  mixed  to  the  consistency  of 
paint  should  then  be  brushed  into  the  surfaces 
to  which  the  new  material  is  to  be  bonded. 
Curing  should  be  started  as  soon  as  possible  to 
avoid  early  drying.  Damp  burlap,  tarpaulins  and 
membrane-curing  compounds  are  useful  for  this 
purpose, 

BOLT  HOLES  should  be  filled  with  grout 
carefully  packed  mto  place  in  small  amounts. 
The  grout  should  be  mixed  as  dry  as  possible, 
with  just  enough  water  so  that  it  wUI  be  tightly 
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figure  7-54, -Repair  of  large  volumes  of  concrete. 


compacted  wIkh  ieued  into  place.  Tie-rod  holes 
extending  through  the  concrete  can  be  filled 
with  grout  \>jth  a  pressure  gun  similar  to  an 
automatic  grease  gun. 

ROCK  POCKETS  or  honeycomb  and  other 
defective  concrete  should  be  completely  chipped 
out.  The  chipped-out  hole  should  have  sharp 
edges  and  should  be  su  shaped  that  the  grout 
pAch  will  be  keyed  in  place.  This  is  bhown  in 
figure  7-55.  The  surface  of  all  holes  that  are  to 
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Figure    7-55,-Repflinng    concrete   with  dry-packed 
mortar. 
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be  patched  should  be  kept  rnois^  for  several 
hours  before  applying  the  grout.  Grout  should 
be  placed  in  these  holes  in  layers  not  over  1/4  in, 
thick  and  should  be  well  completed.  The  grout 
should  be  allowed  to  set  as  long  as  possible 
before  being  used,  to  reduce  the  amount  of 
shrinkage  arid  make  a  better  patch,  Eajh  layer 
should  be  scratched  rough  to  improve  the  bond 
with  the  succeeding  layer*  and  the  last  layer 
smoothed  to  match  the  adjacent  surface.  Where 
absorptive  form  lining  has  been  used,  Ihe  patch 
can  be  made  to  match  the  rest  of  the  surface  by 
pressing  a  piece  of  the  form  lining  against  the 
fresh  patch. 

Feathered  edges  around  a  patch  will  break 
down,  (See  view  A.  fig,  7-56.)  The  chipped  area 
should  bo  at  least  I  Jn.  deep  with  the  edges  at 
right  angles  to  the  surface,  (See  view  B,  fij, 
7-56,)  The  correct  method  of  screeding  a  patch 
is  shown  in  view  C  fig,  7-  56  The  new  concrete 
should  project  slightly  beyond  the  mrfaee  of  the 
old  concrete,  U  should  be  allowed  to  stiffen  and 
then  troweled  and  finished  to  match  the 
adjoining  surfaces 


(a)     INCORRECTLY  INSTALLED  patch 


Only  erewmembers  actually  engaged  in 
stripping  the  forms  should  be  permitted  in  the 
immediate  work  area. 

Stripped  forms  should  be  piled  immediately 
to  avoid  congestion,  exposed  nails,  and  other 
hazards. 

Wires  under  tension  should  be  cut  with 
caution  to  avoid  backlash. 


CONCRETE  SAW 

The  concrete  saw  is  used  to  cut  longitudinal 
and  transverse  joints  in  finished  concrete 
pavements.  Several  types  of  blades  are  available, 
the  most  common  of  which  have  either  diamond 
or  carborundum  cutting  surfaces.  The  diamond 
blade  is  used  for  hard  cutting  and  the 
carborundum  blade  for  cuts  after  aggregate  has 
been  displaced  hy  vibration,  The  unit  is  small 
and  can  be  operated  by  one  person.  (See  fig. 
7-57,)  Once  the  cut  has  been  started,  the 
machine  will  provide  its  own  tractive  power,  A 
water  spniy  is  used  to  flush  the  saw  cuttings 
from  the  cutting  area  and  to  cool  the  cutting 
blade. 

Considering  that  concrete  saws  cost  almost 
as  much  as  a  new  car,  it  is  surprising  how  little 
attention  is  often  given  to  proper  breaking-in, 
maintenance  and  storage. 


(b)    correctly  installed  patch 
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(C)     COPRtCT  METHOD  OF  SCREEDING  PATCH 
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Figure  7 -56.—  Patching  concrete. 


You  wouid  not  take  a  new  car  and  run  it  at 
90  mph,  but  many  operators  will  run  a  new 
engine  at  top  speed  and  maximum  load  from  the 
very  beginning. 

The  following  suggestions  apply  to  all  nakes 
oj  concrete  saws,  and  if  followed  carefully,  will 
prolong  llieir  useful  life  many  times. 

A  new  engine  should  be  operated  at  low 
speeds  ( 1000-1 200  rpm)  for  an  hour  without 
any  load.  The  speed  should  then  be  increased 
gradually  over  a  period  of  2  hr  until  it  is  up  to 
governed  speed,  Only  after  this  brcak-m  period 
should  the  engine  be  subjected  to  any  load  If 
tlu  saw  has  a  water  pump  (for  cooling  the  saw 
blade),  it  should  be  disconnected  during  tins 
period. 
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Figure  7-57.-Concrete  uw. 


Alwavs  operate  the  engine  at  proper 
govjrntd  top  speed.  Blade  life  can  be  seriously 
reduced  if  the  engine  is  running  too  slowly.  For 
the  same  reusufi.  do  not  use  12-in.  diameter 
blades  on  I&ir  blade  ^apautv  saws,  which  have 
a  slower  Wade  shaft  speed. 

Concrete  sawing  creates  a  sludge  which  is 
deposited  on  the  engine  cooling  fan  and  in  the 

passages.  Tins  can  cause  serious  overheating 
unless  removed  regularly  Air  cleaners  must  be 
inspected  dail>  Crank  case  oil  should  be 
cheeked  dail>  and  changed  every  SO  hours.  Use 
only  regular  gasoline, 


Many  saws  have  hydraulic  pumps  for  raising 
and  lowering  of  the  blade  and  variable  speed 
transmissions  for  self*propulsiun.  It  is  most 
important  to  use  correct  oils  as  specified  in  these 
s>stems,  Under  no  circumstances  should  brake 
fluid  be  added.  The  transmissions  can  be 
damaged  seriously  if  the  proper  fluid  level  is  not 
maintained.  Always  refe)  to  the  manufacturers' 
manual  for  information  on  maintenance  and 
repairs  of  the  machine. 

Most  concrete  saws  have  a  slight  tendency  to 
lead  off  ff>m  a  straight  line  when  sawing,  since 
the  blade  is  located  to  the  right  and  outside  of 
the   four  wheels.  Therefore,  they  require  a 
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minimum  amou.it  of  ^steering"  to  keep  them 
cutting  in  a  straight  tine.  However,  most  saws 
have  an  adjustment  built  in  to  compensate  fur 
leadoff.  When  steering  become  too  hard* 
consult  the  manufacturer's  handbook  for 
corrective  action. 

Two  types  of  blades  are  used  lor  the  cutting 
of  concrete:  diamond  blades,  and  abrasive 
blades. 

Diamond  blades  have  segments,  made  from  a 
sintered  mixture  of  industrial  diamonds  and 
metal  powders,  which  are  brazed  to  a  steel  disc. 
They  are  generally  used  lor  old  concrete, 
asphalt,  and  green  concrete  containing  the 
harder  aggregates,  and  must  always  be  used  wet, 
-Many  -grades  of  diamond  blades  are  available  to 
suit  the  conditions  of  the  job. 

Twelve-inch  diameter  is  the  most  popular 
size  of  diamond  blades  It  allows  a  depth  of  cut 
of  about  3  J/4  in.  Larger  si/e  blades  are  used  for 
deeper  cuts. 

Low-cost,  abrasive  blades  arc  now  widely 
used  to  cut  green  concrete  with  son^  ol  the 
softer  aggregates,  Mich  as  hmcslone.  dolomite, 
coral,  or  slag.  These  blades  are  made  from  a 
mixture  of  silicon  carbide  grains  and  a  resin 
bond,  winch  is  pressed  and  baked.  In  man\ 
*.ases,  eu-n  mjhic  of  the  medium -hard  aggregates 
can  be  uit  if  ihe  step  uitling  method  is 
employed  two  or  more  saws  ^ut  the  same  joint, 
but  each  one  aits  oni>  a  part  of  tin;  total  dep'h. 
This  principle  is  also  used  on  the  longitudinal 
saw  which  has  iwo  individually  adjustable 
cutting  heads.  When  a  total  depth  ol  2  1/2  in.  is 
cut,  the  leading  blade  cuts  about  an  inch  deep 
and  the  trailing  blade,  whkh  iSsli^].tl>  narrower, 
cuts  to  the  remaining  depth 

Abrasive  blade >  are  made  in  14-m  and  18-in 
diameters  and  in  various  thicknesses  to  cut  joints 
from  1  J4  m  to  1/2  in,  Wide. 

When  is  the  best  time  to  saw  gieen  eoiKrete* 
In  the  <.jmj  ol  abrasi\e  blades,  there  is  only  otic 
answer  soon  as  the  concrete  will  support  the 
equipment  .md  the  joint  can  be  uit  with  a 
minimum  of  rasehng  in  the  ^asc  ut  diamond 
blades,  tvvo  tvtt^rs  must  be        idcr- d  In  the 


interest  of  long  blade  life,  sawing  should  be 
delayed,  but  control  of  random  cracking  makes 
it  necessary  to  saw  at  the  transverse  joints  as 
early  as  possible,  Wheni  transverse  joints  are 
spaced  closely,  every  second  or  third  joint  can 
be  cut  initially  and  the  rest  later.  Sawing  of 
longitudinal  joints  can  be  de'^yed  as  much  as  7 
days  or  longer, 

PRECAST  CONCRETE 

Concrete  which  is  cast  in  the  position  which 
it  is  to  occupy  in  the  finished  structure  is  called 
CAST-1N-PLACE  concrete.  Concrete  which  is 
cast  and  cured  elsewhere,  and  erected  as  a 
prefabricated  unit,  i  called  PRECAST  concrete. 

Wall  construction,  for  example,  is  frequently 
done  with  precast  wall  PANELS  originally  cast 
horizontally  (sometimes  one  above  the  other)  as 
slabs.  This  method  has  many  advantages  over  the 
conventional  method  of  casting  m  place  in 
vertical  wall  forms.  Since  a  slab  form  requires 
only  edge  forms  and  a  single  surface  form,  the 
amount  of  form  work  and  form  materials 
required  is  greatly  reduced  The  labor  involved 
in  slab  form  concrete  casting  is  much  less  than 
that  involved  in  filling  a  high  wall  form.  One  side 
ol  a  precast  unit  cast  as  a  slab  may  be  finished 
b>  hand  to  any  desired  quality  of  finish.  The 
placement  ot  reinforcing  steel  is  much  easier  in 
slab  lorms.  and  it  is  easier  to  attain  thorough 
filling  and  thorough  vibrating.  Precasting  of  wall 
panels  as  blabs  n*a>  be  expedited  I  v  ma^s 
production  methods  not  available  when  casting 
in  place. 

Relatively  light  panels  for  concrete  walls  ure 
precast  as  slabs"  (fig.  7-58),  and  attached  to 
erected  concrete  frames  (fig.  7-59).  The  panels 
are  set  in  place  by  cranes,  using  spreader  bars, 
hairpin  lifting,  or  a  vacuum  lift  (fig*  7-60). 

Weight  considerations  also  add  up  to  an 
advantage  for  prestressed  concrete  construction. 
The  high  precision  ol  placement  and  high  tensile 
strength  of  steels  normally  used  m  p.^estressing, 
along  with  the  use  of  concrete  under 
compressive  stress  to  carry  the  tensile  loads, 
make  lor  maximum  efficiency  in  size  and  weight 
ot  structural  members,  thus  providing  space 
evoiiom>  jnd  transportation  econoinj  in  the 
biuldmjr  ot  modern  structures. 
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Figure  7-59.— Precast  panels  being  erected  by  use  of  crane  and  spreader  bars. 
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Figure  7-60\-Precait  panel*  in  po*itk>n. 


13: 


Applications  of  the  various  prestresscd 
features  enable  quick  assembly  of  standard 
uniU,  such  as  repetitive  bridge  designs,  building 
frames,  and  roof  and  bridge  decks  to  provide 
important  construction  time  economies.  It  is 
possible  that  the  structure  can  even  be  largely 
fabricated  elsewhere  while  the  site  is  being 
^epared. 

PRECAST  CONCRETE  FLOOR 
AND  ROOF  SLABS,  WALLS, 
AND  PARTITIONS 

The  cbmmonly  used  precast  slabs  or  panels 
for  FLOOR  and  ROOF  DECKS  are  the  channel, 
double-T,  and  tongue-and-groove  types.  (See  fig. 

7  6  The  channel  slab  varies  in  size  with  a  depth 
ranging  from  9  to  12  in.,  width  from  2  to 


CHANNEL 


DOUBLE- T 
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TONGUE  ANO  GROOVE 

Figure  7-61 --Typical  precatt  panel!, 
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5  ft,  and  thickness  from  1  to  2  in,  it  has  been 
used  in  spans  up  to  SO  ft.  If  desired  or  needed* 
the  legs  of  the  channels  may  extend  across  the 
ends,  and  if  used  in  combination  with  the  top 
slab  it  may  be  stiffened  with  divisional  ^ross 
ribs.  Wire  mesh  may  be  used  in  the  top  slab  for 
reinforcement.  The  longitudinal  grooves  located 
along  the  tDp  of  the  channel  legs  may  be  groined 
to  form  keys  between  adjacent  slabs. 

The  double-T  slab  varies  in  size  front  4  to 

6  ft  in  width  and  9  to  16  ft  in  depth.  It  has  been 
used  in  spans  as  long  as  SO  ft  also.  When  the  top 
slab  size  ranges  from  I  1/2  to  2  in,  in  thickness* 
it  should  be  reinforced  with  wire  mesh. 

The  tongue-and-groove  panels  eould  vary 
extensively  in  size  according  to  the  design 
requirement.  They  are  placed  in  position  much 
like  tongue-and-groove  lumber  Is  placed.  That  is, 
the  tongue  of  one  panel  is  placed  against  the 
groove  of  an  adjacent  panel  They  arc  often  used 
as  decking  panels  in  large  pier  construction. 


Welding  matching  plates  arc  ordiiidrily  used 
to  connect  the  supporting  members  to  the  floor 
and  roof  slal>s. 

Panels  precast  in  a  horizontal  position,  in  a 
casting  yard  or  on  the  floor  of  the  building,  arc 
ordinarily  used  in  the  makeup  of  bearing  arid 
nonbearing  WALLS  and  PARTITIONS,  These 
panels  are  placed  in  their  vertical  position  b> 
cranes  or  b>  the  til  tup  procedure. 

Usually,  these  panels  are  solid  reinforced 
slabs  5  to  8  in  in  thickness.  The  length  varies 
according  to  the  distances  between  columns  or 
other  supporting  members.  When  windows  and 
door  openings  are  cast  in  the  slabs*  extra 
reinforcements  should  be  installed  around  the 
openings, 

A  concrete  floor  slab  with  a  smooth  regular 
surface  can  be  used  as  a  casting  surface.  In 
casting  on  smooth  surfacc>  the  casting  surface 
should  be  covered  with  some  form  of  liquid  or 
sheet  material  lo  prevent  bonding  between  the 
surface  and  the  wall  panel.  The  upper  surface  of 
the  panel  may  be  finished  as  regular  concrete  is 
finished  by  troweling,  floating,  or  brooming 


SANDWICH  PANELS  arc  panels  that  consist 
of  two  thin,  dense*  reinforced  concrete  face 
slabs  separated  by  a  core  of  insulating  material, 
such  as  lightweight  concrete*  cellular  glass, 
plastic  foam,  or  some  other  rigid  insulating 
material,  and  these  panels  are  sometimes  used 
for  exterior  watts  to  provide  additional  heat 
insulation.  The  thickness  of  the  sandwich  panel 
varies  from  5  to  8  in,  and  the  face  slabs  are  tied 
together  with  wire,  small  rods,  or  in  some  other 
manner.  Welded  or  bolted  matching  plates  are 
also  used  to  connect  the  wall  panels  to  the 
building  frame,  top  and  bottom.  Calking  on  the 
outside  and  grouting  on  the  inside  should  be 
used  to  make  the  points  between  the  wall  panels 
watertight, 

PRECAST  CONCRETE  JOISTS. 
BLAMS,  GIRDERS.  AND  COLUMNS 

Small  close!)  spaced  beams  used  in  floor 
construction  are  usually  called  JOISTS; 
however,  these  same  beams  whenever  used  in 
rool  construction  are  called  PURLINS,  The 
ciuss  sections  of  these  beams  are  shaped  like  a  T 
or  an  I.  The  ones  with  the  inverted  T-scetions 
are  usually  used  in  composite  construction 
where  they  support  c\isl-in-place  floor  or  roof 
slabs, 

BLAMS  and  (J1RDLRS  are  terms  usually 
applied  to  the  same  members,  but  the  one  with 
the  lunger  span  should  be  referred  to  as  the 
girder.  Beams  and  girders  may  be  conventional 
precast  design  or  prestressed.  Most  of  the  beams 
will  be  1-shaped  unless  the  ends  are  rectangular. 
The  T-shaped  ones  can  also  be  used. 

Precast  concrete  COLUMNS  may  be  solid  or 
hollow.  If  tljc  hollow  type  is  desired,  heavy 
cardboard  tubing  should  be  used  to  form  the 
core,  A  looped  rod  is  cast  in  the  column  footing 
and  projects  upward  into  the  hollow  core  to 
Iwip  hold  the  eolumn  upright.  An  opening 
should  be  left  in  the  side  of  the  column  so  that 
the  column  core  can  be  filled  with  grout,  this 
wa>  the  looped  rod  becomes  embedded  to  form 
an  anchor,  (The  opening  is  dry-packed,) 

ADVANTAGES 

Precast  concrete  has  the  greatest  advantage 
wlkti  there  jk  identical  members  to  be  cast, 
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because  the  same  forms  can  be  u*ed  several 
times.  In  addition  to  using  the  same  forms 
precast  concrete  has  other  advantages*  such  as* 

1  Control  on  the  quality  of  concrete, 

2  Smoother  surfaces,  and  plastering  is  not 
necessary. 

3  Less  storage  space  is  needed 

4  Concrete  member  can  be  cj^t  under  all 
weather  conditions 

5  Better  protection  for  curing 

6  Weather    conditions    do    m>1  alfeel 
erection, 

7  Faster  erection  time 

HANDLING 

Precast  concrete  sliou'd  not  be  lifted  or 
otherwise  subjected  to  strain  until  the  concrete 
has  attained  the  specified  strength  or  until  after 
the  specified  curing  period,  hxeepl  as  otherwise 
specified,  casting  forms  should  not  be  removed 
earlier  tlun  24  hours  after  placing  the  concrete 
Precast  concrete  moved  prior  to  completion  of 
the  curing  period,  or  before  the  concrete  has 
attained  speeilled  strength,  should  be  handled 
according  lo  ,ni  approved  procedure,  with 
equipment  oj  an  approved  type  Care  should  be 
taken  to  insure  thai  the  precast  member  is  not 
overst reused  or  otherwise  damaged  during  the 
specified  umng  period  Precast  members 
including  piles,  should  not  be  skidded,  rolled, 
driven,  or  subjected  to  full  design  load  until  they 
liave  attained  their  28*da>  strengths,  as  indicated 
by  tvlmders  made  from  the  vime  concrete  *t 
the  same  time  as  the  precast  eoruretc\  and  cured 
m  the  same  manner  Handling  ol  ^ured  precast 
members  should  be  cither  as  ^peatied  or 
indicated,  or  a^  approved 

STE  VM  CURING 

Use  of  steam  airiT-g  is  particularly 
advantageous  under  certain  conditions.  eluefi> 
because  of  the  higher  itinng  temperature  and 
the  Ij^t  thjt  moisture  conditions  are  favorable 
This  t>  pe  of  airing  is  pernutted  by  NAVFAC  m 
the  nuuutaUure  <>l  precast  units  It*  benefit*-  arc 
also  realized  m  uMincction  with  (lie  use  of  live 
steam  lor  ^old-weather  protection  of  concrete 
Steairw  lud  praast  units  jttain  strength  so 


rapidly  that  the  forms  can  be  removed  and 
reused  very  soon  after  concrete  placing. 

The  necessary  duration  of  steam  curing 
depends  on  the  concrete  mix.  the  temperature, 
and  the  desired  results. 


PNEUMATIC- APPLIED  CONCRETE 

Concrete  or  cement  mortar  can  often  be 
applied  by  a  pneumatic  procedure.  In  this 
procedure,  called  GUN1T1NG,  a  dry  or  damp 
mixture  of  cement  and  sand  is  placed  tn  a 
charging  chamber  and  mechanically  fed  into  an 
airstream.  This  mixture  is  suspended  in  tlK 
airstream  and  passes  through  a  hose  to  the 
nozzle,  where  water  is  injected  through 
numerous  small  holes.  Mixing  occurs  in  the 
nozzle,  and  the  properatnount  of  water  added  is 
under  control  of  the  nozzlcmun. 

The  mixture  hydrates  as  if  is  being  shot  onto 
the  surface,  thus,  eliminating  the  weakening 
excess  of  water  that  is  needed  to  make 
hjud-placed  or  pouicu  concrete,  or  mortar. 
Should  ii  continuous  opention  be  required, 
dual-chambered  guns  can  be  used  -one  chamber 
discharging,  while  the  other  is  refilling 

The  nozzle  can  be  operated  close  to  the 
maiiinie.  or  at  distances  up  to  ^. 000  ft 
horizontals  and  500  ft  verlieall)  from  the 
machine  vt  uhout  affecting  its  performance. 

Material  <.an  be  applied  in  thuknesses  from  a 
traction  ol  an  m.  up  to  10  or  12  m.  The  area  to 
which  n  is  applied  may  be  a  small  crack  or 
paEth.  or  several  thousand  square  yards  ot  a 
concrete  straetuie  Suf faces  can  be  flat  or 
irregular,  in  an>  dimension,  and  depending  upon 
the  application,  there  cmuU  be  heavy  sieet 
reinforcement,  thin-gage  wire  me^u  or  no 
reinforcement  at  ali.  This  type  (GUNiTk)  ol 
placed  matenal  is  dense,  nonporous,  cxtiemety 
strong,  and  adhen:s  io  almost  any  surface  better 
than  other  eoncretevemim  wortar  materials 
placed  by  other  ineuns. 


CONCRtTfc  PUMPING  MACHINES 

h\A  »nj*  .vmstriKUon  project  that  requires 
the  r^handimp  and  placement  of  concrete 
bvtvvcen   a  ;v.id>-mi\   truck  and   the  form. 
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concrete  pumping  machines  can  place  this 
concrete  with  a  minimum  of  equipment  without 
damaging  or  altering  the  mix  design. 

The  S1;ABEES  use  various  nukes  <md 
models  of  concrete  pumping  machines*  It  is 
beyond  the  scope  of  this  manual  to  present 
information  on  all  designs  of  epnerete  pump:>. 
Therefore,  the  Challenge  Squ\cze-Crcte  250 
series  trailer-mounted  concrete  pump  has  been 
selected  for  discussion  in  this  section. 
Information  un  the  operation*  maintenance,  and 
safety  precautions  of  this  pump  are  presented 

Figures  7-62  and  7-63  show  the 
trailer-mounted  gasoline-powered  concrete 
pump  The  basic  unit  consists  of  a  4-eylinder 
a  ir-cooied  gasoline  engine,  a  closed-loop 
hydraulic  system  a  centralized  control  panel,  a 
pump  chamber,  and  a  receiving  hopper 

The  Squeeze-Crete  trailer  is  a  two-wheel  unit 
having  a  frodt  pedestal  support,  two  rear 
pedestal  supports  for  leveling  and  maintaining 
the  pump  in  its  operating  position,  sat"et>  tow 
chains,  and  3  trailer  handbrake 

PREPARATION  FOR  USE 

When  getting  the  trailer-mounted  concrete 
pump  ready  for  use,  thoroughly  inspect  the 
complete  uni£  for  any  loose  connections, 
particularly  the  fuel  and  electrical  systems. 
Tighten  loose  connections,  parts,  bolts,  nuk. 
and  other  hardware.  Also  inspect  for  evidence  of 
damage  to  meter  and  inspection  glasses,  lights, 
and  other  breakable  parts,  Check  to  see  that  the 
trailer  tires  are  properly  inflated.  Operate  tf\e 
movable  control  devices  by  hand  to  make  sure 
they  operate  freely. 

Be  sure  to  fill  the  engine  lubricating  system 
with  the  proper  grade  of  oil  and  also  the 
hydraulic  system  to  the  level  recommended.  Fill 
the  fuel  tank  with  suitable  fuel 

There  are  several  factors  to  be  considered  m 
positioning  the  trailer.  Make  provisions  to  have 
adequate  water  on  the  job  site,  and  determine 
whether  the  concrete  will  be  supplied  by  truck 
mixer,  portable  batch  plant,  or  another  method. 
Locate  the  machine  the  shortest  distance 
possible  from  the  point  of  placement  of  the 
ete  to  provide  quick  and  efficient  handling 
o\  the  discharge  hose,  and  to  provide  adequate 
operating  room  and  ventilation  for.di^sipation 


the  engine's  heat  and  exhaust.  Position  the 
trailer  on  level  ground,  but  if  the  ground  is  soft* 
use  planking  under  the  supports  to  increase 
stability.  Set  the  trailer  parking  brakes*  block 
the  wheels,  and  set  the  pedestal  supports  on  a 
linn  footing  to  allow  the  front  support  to  raise 
**ie  fpynt-end  of  the  trailer  frame  and  partially 
lift  the  pump  off  the  trailer  springs  to  increase 
stability. 

Will  rigging  De  required0  Estimate  the  time 
required  to  make  the  necessary  nggmg.  Each  job 
will  present  specific  problems  of  'line 
arrangement  On  vertical  nses,  always  use  pipe 
sccions  with  the  necessary  rigging  to  support 
the  P»pe.  Each  pipe  section  must  be  individually 
secured  to  the  vertical  scaffolding. 

Si  no?  rubber  hose  develops  more  friction  on 
the  concrete,  it  should  be  held  to  a  minimum* 
oini  where  possible,  rigid  pipeline  or  shekhne 
should  be  use^  The  initial  line  connection  to 
the  outlet  or  pressure  side  of  the  machine  may 
be  made  with  a  combination  of  metal  tube 
bends  or  with  one  section  of  rubber  hos*3 
However,  metal  pipe  sections  should  begin/as 
close  to  the  machine  as  possible  and  continue  to 
the  placement  site. 

Whcii  there  i:>^aXvcrticaT  s.drop  in{  the 
placement  line  wtfieh  hkiy  be  ncircssaryLfor 
placement  below  g  ound  lekeU  the  tube  benM  &t 
the  top  of  the  drop  must  ycVcntedby  drilling  a 
small  hole  in  the  outej/  radius  of  the  beAd 
(approximately  f/8  j&~K  This\s  necessary  \\ 
prevent  separatjoajPf  ihe  nix  in\£he  line  when 
the  pumpine^  interrupted.  Tftt  hole!  may 
occasional!^  become  plugged,  /it  <;an  be 
unplugged  with  a  piec^of  wire, 

It  is  impoi^nt  ^iafriwg^tiut  the  line  (and 
also  in  moving  it)  to  keep  th&iiose  sections  free 
of  sharp  bends  to  avoid  plugging  or  excess 
pressure.  Try  to*  maintain  a  minimum  6-f t  radius 
^end  in  laying  out  thc*rubber  hose  sections.  If 
plugging  occurs  in  the  placement  line,  reduce 
line  pressure  by  reversing  and  then  stopping  the 
pump.  Locate  where  the  plug  has  developed  ana 
then  strike  th&hose  with  a  sledge.  The  sudden 
jar  usually  helps  to  expel  the  plug,  When  line 
pressure  is  increased,  the/plug  will  be  driven 
throi^h.  This  can  only  be  done  on  rubber  hose 
sections.  / 

Stee!  pipe  and  rubber  hose  sections  are 
furnished  with  grooved  fittings.  The  line  sections 
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HYDRAULIC  MOTOR  FOR  ROTOR  ORiVt 


PRIMARY  POWER  UNjT  AND  EWGwE  CONfftOtS 


PUMP  TUBE  SHOCK  ABSORBER  ASSEMBLY 


PUMP  TUBE  BOOTS 


TRAILER  JACK  STANO 
HYDRAULIC  PUMP  FOR  AGITATOR  CtRtlM 


HOPPER 


PUMP  CHAMBER 
INSPECTION  ANO  MAINTENANCE  POSTS 
Figure  7-62- -Trailer -mounted  Squeeze-Crate  concrete  pump,  left  fide  view.  133.502 
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Figure  7- 63. -Trailer-mounted  Squeeze  Crete  concrete  pump,  right  ude  view. 
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133.504 

Figure  7  64   Concrete       isctioni  coup  ting  v. 


are  fastened  with  coupling*.  On  vertical  pipe,  use 
the  iv/o-bolt  type  coupling  (fig.  7-64).  On 
horizontal  pipe  use  the  snap-joint-type  coupling 
(fig.  7-64). 

To  uomplete  the  setup  during  your 
preparation  fur  use^  attach  the  transfer  hose  to 
^the  pump  outlet  assspibly  with  a  coupling. 
"Atta^  h  the  other  end  of  >hc  transfer  hose  to  the 
slick]  me. 

CAUTION;  Do  not  connect  a  rigid  pipeline 
or  slicklin.;  directly  to  the  outlet  assembly/  A 
flexible  transfer  hose  must  be  used  to  absorb  the 
longitudinal  movement  of  the  outlet  assembly  or 
the  pulsations  of  the  pump  tube  may  cause 
mechanical  failure. 

Tighten  the  clamps  on  alt  slicklines.  The 
couplings  between  the  plimp  tubj  and  inlet  and 
outlet  assemblies  and,  the  transfer  hose  and 


slicklines  must  be  ful!y  mated  and  securely 
fastened  to  prevent  accidental  escape  of 
concrete  under  maximum  pressure  (of  200  to 
250  lb  per  sq  in.).  The  accidental  uncoupling  of 
the  material  pressure  line  may  result  in  jA\z 
whipping  or  uncontrollable  thrashing  o^a^hose 
line  like  a  fire  hose  out  of  control.  It  may  strike 
and  injure  personnel.  A  deluge  of  concrete  may 
pour  through  the  opening  with  dangerous 
consequences.  When  pumping  vertically,  you 
may  empty -the  entire  contents  of  the  vertical 
pipeline  through  the  opening  .  accidentally 
created.  You  must  always  be  awsre  of  the 
consequences  of  pressure  within  the  delivery 
hue,  whether  from  pump  pressure  or  from  the 
potential  energy  of  gravity  How,  so  be  sure  that 
the  pipeline  connections  and  pipeline  hoses  are 
secure  and  that  the  pipeline  is  never 
inadvertently  disconnected  under  pressure. 

Verify  that  the  supply  of  hydraulic  oil  in  the  * 
tank  is  adequate  so  the  pumps  will  get  oil  when 
the  engine  is  started. 

CAUTION  Both  the  primary  and  secondary 
pump  require  an  ade<  'ate  supply  of  hydraulic 
oil  for  lubrication  purposes.  \rever  run  the 
engine  unless  there  is  an  adequate  supply  of 
hydraulic  oil  in  the  tank  and  the  pumps  are 
supplied  with  ^  f  ull  flow  of  h>draulic  od. 

If.  at  the  end  of  the  first  minute  of 
operation,  the  charge  pump  fails  to  develop 
pressure,  shut  down  the  eijgine  and  investigate. 
Without  lubrication,  the  mm?  may  be  ruined. 

Lubricate  the  agitator  shaft  bearings  in  the 
receiver  hopper  by  apply*  a  grease  gun  to  the 
^erk  fittings  and  fill  the  shaft  seal  constant- 
pressure  lubricators 'as  well. 

Verify  that  the  plugs  in  the  ^leanout  holes  in 
the  bottom  of  the  receiving  hopper  are  securely 
in  place.  Also  verify  that  the  expansion  plugs  in 
the  bottom  of  the  pum;>  chamber  are  in  place. 

PRINCIPLE  OF  OPERATION 

**Like  squeezing  toothpaste  out  of  a  tube"  is 
the  usual  description  of  the  principle  on  which 
the  Challenge  Squeez-Crete  250  series  concrete  ' 
pump  operates.  Figure  7-65  shbjys  a  collector 
hoppei  into. which  the  SsU^rcte  \± received  and 
then  remixed  by  the  rotating  agitator  blades 
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Figure  7-65. -Recover  hopper  pumping  action. 
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which  aho  a*J  iu  move  tlu  concrete  in!o  the 
pumpng  tube  The  pumptrtg  uibe  is  made  of 
steel  reinforced  ruboef  and  hai  an  inside 
diameter  of  J  hl  It  is  looped  insrde  . 
drunMhaped  pumping  chamber  from  which  the 
air  has  been  evacuated.  A  rotor  assembly  with 
two  large  rollers  revolve:  continuously  within 
the  chamber  so  the  roJIcrs  alternately  squeeze 
the  pump  tube  against  the  inner  surface  at  the 
drum  and  thus  force  ti  t  trapped  concrete  to 
move  within  the  tube  ihead  of  the  ad^an^ing 
roller 

Reloading  ol  the  lube  with  concrete  is 
accomplished  as  tollows  a^  the  roller  passes  by, 
the  flattened  and  collapsed  pump  tube  is  drawn 
back  into  its  normal,  (uh'jlar  shape  by  a  vacuum 
within  the  pumping  chamber  -  Atmospheric 
pressor?  on  the  concrete  in  the  hopper 
combined  with  the  action  of  the  indvtnf  agitator 
blades,  forces  a  charge  ol  eouerete  into  the 
pumping  tube  fhen  the  next  «.*s<i  of  a  roller 
flattens  the  tube  *^in  and  squeeze*  this  load  of 
concrete  out  of  trie  pump  tube  and  discharges  it 
through  the  material  hose  and  slieklme 


The  p^nip  assembly  consists  of  three  main 
umiponenb 

1  f!ic  pttrnpu.;  chamber  case  i>  lined  with 
rubber  lc  ■tfpressi^n  p;;ds.  The  pads  ar-e  dunnel 
^haped  :;ecions  whrh  line  the  entire  inner 
vircurrUerenee  ot  the  parrip  case  where  the  pump 
tube  lies.  The  pump  tube  lies  in  the.dui'md  arid 
the  raised  raiU  on  each  side  of  the  pads  pro\ide 
traction  for  the  rotor  rollers,  as  well  as  help  to 
hold  the  pump  tube  tn  place. 

2,  The  rot  or^rollcr  assembly  uses  a 
olanetary  drive  principle  applied  through  chain? 
and  sprockets  from  the  mam  rotor  axle  to  drive 
*.ie  rollus  which  press  agmnst  the  pump  tube. 
The  rollers  ar%  ^added  with  lubber,  also 

3.  The  pump  tube  is  a  steH  reinforced 
rubber  how  ^pprOMmateiy  9  ft  iong,  A:?  the 
rotor  revolves,  the  pump  tube  is  held  in  plae? 
sideways  by  the  rails  of  the  compression  pad  and 
aly.)  by  eight  tube  guides  carried  by  tiic  rotor 
The  pump  tube  moves  longitudinally  a  lew  in 
with  each  passage  ol  a  roller,  Hhis  motion  is 
absorbed  and  dampened  by  a  spring  and 'shock 
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absorber  assembly  to  which  the  pump  tube  end 
is  fitted.  The  pump  tube  enter*  and  exits  the 
cylindrical  drum  through  rubber  boot?  which  an* 
capable  of  sealing  a  vacuum  in  the  chamber. 

OPERATION  OF  TRAILER -MOUNTED 
CONCRETE  PUMPS 

~  This  section  provides  inform  at  ion  on 
md tvu tor sand  controls  found  on  traiior-mounted 
concrete  pumps,  and  procedure*  .for  starting, 
operating,  and  securing  the  pump.  Some 
differences  can  obviously  be  expected  in  the 
operation  of  va*tuus  make*  and  models  of 
concrete  pumps,  so  bear  in  mind  that  we  are 
mainlv  concerned  here  with  the  Challenge 
Squeive-Octe  250  series  trailer-mounted 
concrete  numr.  For  detailed  instructions  on 
concrete  pump  operations,  consult  the 
operator's  manual  .supplied  by  the  manufacturer 
of  the  concreie  pump  concerned 

NOTE  Before  starting  or  operating  the 
concrete  pump,  be  sure  >  ou  and  your 
c  re  wni  embers  wear  hard  hats.  Stifclv  *hoes,  and 
goggles. 

Starting  the  Concrete 
Pump  Primary  Power  Source 

r  First,  perform  the  routine  prestart  die^KH't 
the  engine  cranKase  oil  level,  transmission  oil 
level,  fuel  supply,  battery  water  leveh  and 
hydraulic  oil  hvel.  Be  sui£  that  the  proper 
amount  of  lubn/ant*  electrolyte,  and  hydraulic 
oil  is  added,  when  required,  xt,  place  all 
controls  in  the  NEUTRAL  positions.  Then  turn 
on  the  ignition  switch  and  che^fc  the  engine 
gages  for  proper  operation,  Fwrt  ihe  engine  and 
let  it  warm  up  at  fast  idle,  ^bsurve  the  control 
panel  gages  for  excess  pressure  readings. 
Momentarily,  trove  the  mu*n  oump  control  into 
the  FORWARD  position  and  noje  the  pressure 
indicated  on  the  gage  marked  "pump  hydraulic 
pressure/*  The  pressure  should  rise  'o  190  psi  or 
more  and  the  rotor  should  begin  to  ino^v,  ff  so, 
then  you*  can  place  tfu*  euitrol  back  in  its 
NEUTTkAL  position, 

CAUTION  If  no  pressure  develops  :n  the 
first  minute  of  operation,  indicating  the  charge 


pump  is  not  developing  pressure,  shut  down  the 
engiu^  and  i\vestigate.  Without  lubrication^  the 
charge  pump  mify  be  ruined. 

All  ow  the  hydraulic  oil  to  warm  up  to  its 
temperature  operating  range  of  between  40°  and 
I60°l\  Clieck  oil  pressure  and  ta<  hometer 
readings.  Maintain  a  minimum  engine  speed  of 
l.OOOrpm,  i:nor  to  pumping  concrete,  set  the 
engine  to  deliver  power  at  its  rated  maximum 
continuous  2,400  rpm  operating  speed. 

Concrete  Pump 
Indicators  and  Controls 

For  safe  and  efficient  operatiofl  of  the 
trailer-mounted  concrete  pump,  you  must  be 
familiar  with  eCs  different  indicators  and 
controls.  Figure  7-6b  shows  the  location  of 
various  indicators  and  controls  on  the 
St|u  ecze-Orete  250  series  trailermounted 
concrete  pump,  L  you  are  familiar  with  the 
indicators  and  controls  on  this  type  concrete 
pump,  you  should  have  little  difficulty  with 
indicators  and  controls  on  other  types.  The 
purposes  or  functions  of  specific  indicators  and 
controls  shown  in  figure  7-66  are  given  below; 
the  number  in  parentheses  correspond  to  those 
used  in  the  illustration  to  indicate  the  location 
of  individual  indicators  and  controls. 

The  VACUUM  GAGE  (1)  indicates  the 
vacuum  or  pressure  in  the  suction  hne  to  the 
double  pump  Under  normal  operating 
conditions.,  the  reading  should  be  between  25 
and  27  in.  If  ihe  vacuum  Mdoes  not  develop, 
investigate  for  air  leaks. 

The  TACHOMETER  (2)  indicates  the  speed 
of  the  gasohnt  engine.  The  maximum  operating 
speed  of  the  engine  for  pump  operation  is 
2.400  rpm. 

The  OIL  TEMPERATURE  GAGE  (3) 
uidu  at  .is  the  temperature  of  the  hydraulic  oil 
from  120°  to  I40*F  which  i!>  ideal  for  this 
hydraulic  system. 

The  COLLECTOR  HOPPER  ilYDRAULIC, 
PRESSURE  GAGr.  f4j  -sisters  the  hydraulic 
pressure  (approximately  *,„J  psi)  m  the  coHecfior 
hopper  hydraulic  ciicuit. 

The  HYDRO  STAT  SYSTEM  HYDRA  UDIC 
PRESSURE  CAGE  (5)  registers  the  hydraulic  „ 
pressure  fl90psi  or  more;  in  the  closed-loop: 
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Figure  7-66, -Control  and  mftrumcnt  panel. 


circuit  of  the  hydro-stat  system  that  powers  the 
concrete  pump. 

The  VACUUM  VALVE  CONTROL  16) 
allows  the  air  valve  to  vent  the  pumping 
chamber.  When  it  is  in  the  ON  position,  the 
vacuum  pump  acts  to  red  m  c  the  air  pressure 
within  the  pumping  chamber.  In  the  OFF 
position,  the  vr've  is  open  tu  jlJo\y  *yr  to  be 
drawn  into  the  chamber  and  through  the 
vacuum  pump. 

THE  COLLECTOR  HOPPER  SLIDE  CYL- 
INDER VALVE  CONTROL  (7)  is  used 
intermittently  to  ptoee  the  concrete  receiver 
♦hopperin  the  desired  location  dunng  placement. 
The  hopper  can  be  positioned  forward  and 
backward  within  a  range  of  approximately  8  in 
by  a  hydraulic  ram. 

The  COLLECTOR  HOPPER  AGITATOR 
MOTOR  VALVE  CONTROL  (8j  allows  slurry 
mixing  before  placement  operation  begins  and 
to  remix,  and  agitate  the  concrete  u>  be 
pumped  It  has  three  detent  pusitions  whwh 
allows  FULL  How  or  NO  flow  through  the\a!\e 
and  d'leris  the  How  to  the  reservoir  when  tlu, 
valve  control  is  placed  m  the  Oj  E  position 


The  HYDRO-STAT  SYSTEM  CONTROL 
(9)  allows  the  operator  to  control  the  primary 
hydraulic  pump  which  is  the  source  tor 
controlling  movement  of'  the  rotating  roller 
wftrtwr  FORWARD  pumping  action,  RE- 
VERSE pumping  aetun.  or  STOP.  (See  fig. 
7.65.  j 

Starting  and  adjusting 
the  Coi.cretc  Pump 

The  follov  ing  procedure  is  given  for  starting 
and  adjusting  the  pump  before  runnm?  the 
^onctete  pump 

Place  ihe  vacuum  -^control-valve  control 
handle  (6>  to  the  ON  position.  Observe  the 
vacuum  pressure  gage  jnd  wjjt  untjl  the  vacuum 
reaches  25  to  21  psi.  If  tne  vacuum  Joes  not 
develop,  investigate  for  a»r  leaks.  Make  Sure  all 
i^ess  port  covers  are  sealed.  Check  to  see  that 
the  boots  are  scaled  around  the  pump  tube 
where  the  tube  enters  and  exits  the  pump 
chamber  Check  to  see  that  the  cleanotit 
expansion  plugs  are  in  plate. 
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Ready  the  slurry  mix  which  lubricates  the 
insi'jv  of  the  concrete  pump  and  slickhne  system 
prior  to  pumping  comrete  for  placemen*  The 
general  rule  to  follow  for  this  mix  is  2  or  3  bags 
ot  cement  for  the  first  100  to  !50  ft  of  line  and 
one  additional  bag  of  cement  tor  each  additional 
100  ft  of  line.  Attach  the  slurry  paddle  to  the 
left  agitator  blade  pnor  to  mixing  and  remember 
to  remove  it  after  the  mixing  process. 

Always  place  a  greased  cleanout  sponge  in 
the  suction  cone  prior  to  adding  #ater  and 
mixing  slurry.  This  helps  prevent  water,  and 
unmixed  cement  from  entering  the  pumping 
tube  or  plugging  the  suction  cone  By  operating 
the  pump  in  reverse  after  the  slurry  is  mixed,  the 
sponge  wdl  be  expelled  from  the  suction  cone. 
On  downhill  runs  of  slickhnes,  leave  the  sponge 
in  the  Miction  cone  ai*d  pump  it  through  the 
system  ahead  of  the  starry.  This  will  insure 
proper  coating  ol  all  insid';  surfaces  in  the 
slickline  system. 

Place  15  to  20  gallons  of  water  in  the 
hopper.  Add  cement  Liowly  while  the  agitator 
blades  are  turning,  |>0  NOT  DUMP  THE 
CEMENT  IN  ALL  AT  ONCE,  as  it  will  form 
lump*  and  defeat  the  pumose  of  the  slurry.  The 
slurry  should  be  the  consistency  of  thick  cream. 
Continue  adding  cement  and  water  untu  a 
sufficient  amount  of  sfuri>  has  been  made  to 
coar  the  inside  surfaces  of  the  concrete  pump 
and  dll  the  slicklmes.  Continue  the  agitation  jnd 
cycle  the  fcturi}  several  times  at  slow  speed.  This 
jction  feeds  the  slurry  into  the  pump  and 
discharge  hue,  Only  when  mo>t  of  the  slurry  has 
been  pumped  out  of  the  hopper  slnuid  the 
concrete  be  dumped  into  the  hopper,  however, 
introduce  \ht  concrete  before  pumping  all  of  the 
slurry  out  of  the  hopper.  The  transition  from 
slurry  to  concrete  should  be  contiguous.  This  is 
done  by  instructing  the  *ransiwnix  operators  to 
keep  the  hopper  at  least  two-thirds  full  of 
concrete  at  ail  times.  Now  you  are  :ead>  to 
commence  pumping  the  concrete  for  rlaiemcnt. 

Running  the  Concrete  Pump 

By  moving  the  main  hydraulie-pump-control 
lever  f9)  in  the  FORWARD  direction,  the 
concrete  starts  through  the  system.  Be  sure  the 
gasoline  engine  is  running  at  its  rafrd 
( 2,400  rpm)   maximum   continuous  ope?atiag 


speed.  Before  placing  the  agitator-control-valve 
lever  (8)  in  the  FORWARD  position,  make 
cettain  the  hopper  grates  are  in  position.  When 
these  grates  are  NOT  in  position,  it  is  possible 
lor  you  or  other  persons  near  the  hopper  to 
become  entangled  with,  or  struck  by,  the 
moving  blades  of  the  agitator.  NEVER  reach 
into  the  hopper  while  the  agitator  is  moving 
Climbing,  standing*  or  kneeling  on  the  hopper 
grates  while  the  agitator  if  in  motion  could 
result  in  personal  injury.  Be  sure  the 
mixertnick-discharge  chutes  do  NOT  come  in 
contact  with  the  hopper  during  delivery.  The 
agitator  must  NEVtR  be  operated  with  the 
guard  removed  from  the  sprocket  and  chain 
drive.  Make  sure  that  the  concrete  being 
discharged  through  the  s>stem  is  on  a 
continuous  basis,  if  not,  the  machine  will  pump 
air  which  is  being  compressed  and  the  concrete 
being  propelled  from  the  end  of  the  line  will 
segregate  badly,  and  these  is  the  danger  of  it 
splattering  and  cauynj  possible  iroury  to 
placement  crewmembert. 

After  the  slurry  has  been  pumped  out  and 
the  slurry  paddies  removed,  place  the 
agitator-valve-control  lever  (8)  in  the  REVERSE 
position.  Fill  the  hopper  two-thirds  full  cf 
concrete  and  allow  the  blades  to  rotate  in 
REVERSE  long  enough  to  blend  the  balance  of 
the  slurry  with  the  concrete  When  this  is 
accomplished,  stop  the  rotation  of  the  agitator 
biades  and  then  pLice  both  agitator  rotation  and 
pump  control  in  the  FORWARD  direction.  This 
allows  the  pump  to  deliver  ihe  concrete  to  the 
placement  site.  Be  sure  to  adjust  the  hydraulic 
pump  control  lever  (9)  to  deliver  the  concrete  at 
the  desired  'ate. 

Be  sure  you  keep  a  ready  supply  of  Concrete 
in  the  hopper  at  all  times  while  pumping.  Never 
allow  the  supply  level  to  go  below  the  agitator 
blade  shaft. 

Pumping  ma>  be  stopped  at  any  time  when 
it  is  necessary  to  relocate  and/or  shorten  the 
discharge  line.  [{  the  waiting  period  is  lengthy, 
agitate  the  mix  in  the  REVERSE  direction.  But 
do  not  over  agitate  as  prolonged  agitation  affects 
the  quality  of  the  concrete  m It. 

MOTL.  There  may  often  be  delays  in  mix 
deliveries-  Plugging  due  todc!a>scan  be  avoided 
b>  making  sure  that  the  culleUor  hopper  is  full 
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of  concrete.  If  the  hopper  is  full,  small 
quantities  can  be  pumped  through  the  line  every 
10  to  15  minutes*  This  will  prevent  tue  material 
from  sethng-up  or  plugging  the  liqy  until  the 
next  load  arrives*  If  the  pump  plugs  on  the 
hopper  sidc\  it  will  be  evident  from  the 
collapsing  of  the  discharge  hose  and  Ok- 
increased  Mrainon  ffse  pump  rotor,  To  eliminate 
such  a  plug,  RHVLRSE  the  pump  direction  for 
one  rotor  cycle  and  immediately  go  back  to  the 
FORWARD  po^fion.  This  action  may  be 
reoeated  several  times,  Wh^n  the  lire  is 
unplugged,  observe  the  concrete  in  the  hopper 
and  ftmov-;  the  object  (with  the  agitator  blades 
stopped*  Also,  tf  then-  are  delays  m  concrete 
delivery  .md  the  weather  is  hot  and  sunny,  the 
hopper  \hould  be  covered  with  a  *arp  or  some 
su] Libit  materia)  to  prevent  the  *un  Lroin  beating 
directly  on  the  mix  ,ind  dr^ng  it  out 

When  the  pmver-v.njj\,e  enghie  stalh  <lunn^ 
plat'emiTii*  :he  tohowang  shonid  be  lolfovK'i  for 
restarting  the  pumping  cycle 

Mjjc  the  speed  control  in  th:  NEUTRAL 
POSITION  and  then  pkee  the  agi*aior^;itrol 
kver  sn  the  (?FF  posji*o«  Next,  relieve  the 
vacuum  m  the  rump  Camber  (if  neeevury)  to 
take  the  entire  !  \*d  oft  the  engine  Now  restart 
the  engine  and  bring  tt  up  to  its  rated  maximum 
continuous  rpm  ^pecd  After  the  engine  has 
starred,  turn  the  vvanmi-eoMrol  lever  to  the  ON 
position  una*  norma!  sacu%ini  piessure  is 
at'.amed  Then  pla<_e  (he  agitator-,  ontrol  lever  in 
the  FORWARD  position  Slowly  advance  the 
speed  control  from  NEUTRAL  to  FORWARD 
position  and  then  correlate  the  power  required 
with  the  pun: ping  resistance  b>  advaiuang  the 
hydraulic-pump  ^pced-tontroi  (eve!  ^lowl>  to 
keep  the  engine  from  falling  again 

Concrete  Pumping  Procedures 

BeJorc  beginning  concrete  pumping,  you 
should  establish  with  the  placement  operator  a 
'>ei  o!  pumping  Signals  for  "STOP/'  "START." 
"SLOW  DOWN/'  'SPEEDUP,"  etc. 

Peno  dually  during  extended-pumping 
opcuuons.  check  the  hydraulic  filter  to  verify 
the  hydraulic  Huid  is  Jean  Also,  lubricate  Mj 
grease  fitting  on  the  h<  pper  :md  keep  the 
consiarit  pres^ar^  lnhr<c.(t*)fs  filled  wi tf;  grease 


Keep  an  eye  on  the  instrument  and  control 
panel,  and  observe  the  gages  for  proper  pressures 
and  temperatures.  As  you  become  more 
experienced  in  the  operation  of  the  pump,  its 
sound  during  operation  should  alert  you  as  to 
whether  adjustments  are  needed  to  keep  the 
systems  functioning  smoothly.  Be  sure  that  your 
acceleration  and  deceleiatiopj  are  made  slowly 
and  evenly  to  avoid  possible  strain  on  the  power 
tram. 

In  some  loads  of  concrete,  there  may  be 
some  oversize  rocks,  mixer  tailings,  or  foreign 
objects.  The  pump  will  normally  handle  these; 
however,  should  several  large  rocks  enter  the 
pump  tube  at  the  same  time,  the  tube  may  plug. 
An  obstruction  of  this  type  can  be  removed  by 
reversing  the  pump  and  rotation  direction  of  the 
hopper  agitator  blades  until  the  hose  at  the 
discharge  end  begins  to  collapse.  At  this  time  the 
pump  can  be  turned  off,  a"  owing  only  the 
agitator  blades  to  operate  in  reverse.  Continued 
operation  of  the  agitator  will  either  distribute 
the  obstruction  or  cause  it  to  work  to  the 
surface  of  the  hopper  where  it  can  be  removed. 
On  occasion,  if  the  plugging  is  severe,  the  pump 
and  agitator  mu>  have  to  be  operated  in  forward 
ind  reverse  several  times-  However,  continued 
operation  of  the  rotor  over  a  severely  plugged 
tube  ftMy  damage  the  tube  or  completely 
collapse  the  discharge  hose  away  from  the 
rubbn  toot  at  the  discharge  cone  and  treak  the 
vacuum  in  the  pump  chamber  In  that  case,  the 
pump  tube  may  have  to  be  removed  to  clear  the 
block.  If  the  bkekage  is  in  the  slkkline.  the 
slkkhne  may  hav^  to  be  dismanSelcd. 

The  ability  to  reverse  the  pump  docs  not 
permit  the  entue  discharge  hose  and  slickhne 
assembly  to  be  pumped  clean  in  the  reverse 
direction  As  noted,  the  reverse  suction  action  of 
the  pump  rotor  will  collapse  the  first  section  of 
the  discharge  hose  attached  to  the  outlet  ^ide  of 
the  pump  and  thus  stop  the  reverse  flow  of 
concrete  beyond  that  point. 

Location  of  the  blockage  ^an  scnelimet  be 
determined  by  tapping  the  sliekline  with  a 
hammer.  Listen  lor  a  change  of  pitch  in  the 
sound.  Blockages  within  a  materia)  hose  can 
sometime*  be  broken  loose  by  poundmg  on  ths 
hose  at  the  location  of  the  blockage  while 
pumping, 
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WARNING.  In  the  event  of  a  blockage 
which  requires  the  dismantling  of  the  slickline  or 
material  hose,  extreme  care  should  be  taken  that 
the  line  does  not  whip  or  thrash  like  a  broken 
fire  hose  and  cause  an  ardent.  Beware  of  a 


baekflow  of  concrete  upon  opening  of  the 
pumping  line  at  any  of  its  joints. 

To  prolong  the  life  of  the  pump  tube  (fig. 
?-6?),  the  position  of  the  tubs  in  the  pump  case 


SOME  PRESSURE  ON  TUBE 


ftlGHT 

TUBE  FLA i  AGAINST 
COMPRESSION  PAD 


fllGHT 

TUBE  FLAT  AGAINST 
COMPRESSION  PAD 


START  A  NEW  PUMP  TUBE  WITH  THE 
HOPPER  POSITIONED  rOftWAftO  ON 
THE  SLIDE 


AFTER  PUMPING  60  TO 
SO  CUBtCYARErf,  SPREAD 
THE  WEAft  ON  THE  PUMP 
TUBE  BY  MOVING  THE 
HOPPER  POSITION  A  FEW 
INCHES  TO  THE  REAft 


SURPLUS  TU&c  WlLl 
BUCKLE  ANOMNK 


TOO  MUCH  PRESSURE  ON  TUBE 


'J 


POINT  OF  \ 

SUPPORT  ',  HOPPEH 


 j  i 


WRONG 

TUBE  STRETCHED  AWAY 
FROM  COMPRESSION  PAD  -rr— \  \  4 


_J00  MUCH  r FUSION  ON  TU&t 

-  -  -.  : 

POINT  Of  ] 
r        SUPPORT         1  HO°PEft 


Figure  7-67. -Concrete  pump  tube  adjustment 
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should  be  changed  after  each  batch  of  60  to 
80  cu  yd  of  concrete  has  been  pumped.  To  do 
this,  turn  flie*Vacuiim  valve  control  (6)  to  its 
OFF  positfeh^nd  then  stop  the  agitator.  Then, 
loosen  and  remove  the  outlet  shock  absorber 
assembly  from  its  trunnion  (pin  or  pivot)  holder. 
Now,  move  the  hopper  on  its  slide  b^se  about 
2  in,  b"  simultaneously  operating  the  collector- 
hopper  cylinder-valve  control  (7)  in  the 
desired  direction  and  slowly  operate  the  pump 
rotor  in  the  opposite  direction.  You  can  now 
reconnect  the  outlet  shock  abs^  ^er  assembly  in 
its  trunnion*  using  theTiqles  nearest  the  pins. 
You  must  reseal  the  boofe  where  the  boots 
touch  the  tube  by  applying  silicone  grease  about 
a  1/2  in-  long  and  about  the  diameter  of  a  had 
pencil  to  the  area  between  the  pump  tube  anu 
the  backing  pad  at  the  12:00  o'clock  position. 
Spread  the  lubricant  with  your  finger  tips  and  be 
careful  not  to  spread  it  on  the  rollers  or  on  the 
compression  pad  rails.  The  rollers  are  drive 
wheels  and  must  have  traction  on  the  rails.  Now, 
turn  the  vacuums,  ^  control  (6)  to  the  ON 
position,  check  for  vacuum^  and  resume 
agitating  and  pumping. 

At  the  end  of  each  work  shift*  the  tube  may 
be  loosened  from  the  inlet  and  outlet  fixtures 
and  rotated  60  to  90  degrees  and  reconnected  of 
the  tube  may  be  removed  and  reinstalled  in  the 
different  position. 

CAUTION:  Roller  damage  may  occur  it  the 
pupip  cube  is  permitted  to  wear  until  the  steel 
bel;  is  exposed.  Frequent  inspection  of  the  tube 
is  advisable*  Very  light  exposure  of  the  steel  belt 
will  not  damage  the  rollers.  However,  continued 
pumping  until  heavy  exposure  is  evident  will 
result  in  a  rasping  effect  on  the  rollers.  Broken 
steel  strands  will  severely  damage  the  rollers. 

It  is  better  NOT  to  store  the  concrete  pump 
with  the  pump  tube  installed.  A  permanent  bend 
can  develop  in  the  tube  if  it  is  left  in  the  case.  It 
is  also  advisable  to  move  the  rotor  occasionally 
so  that  a  permanent  set  does  NOT  develop  in  the 
rubber  of  the  rovers  and  compression  pads  from 
continued  pressure  on  one  location. 

Cleanup  After  Pumping 

After  pumping  is  completed,  clean  the, 
hopper  by  removing  the  two  cleanout  plugs  at 


the  b&ttom  of  the  hopper.  Wet  a  cleanout 
sponge  and  stuff  it  into  the  suction  cone.  The 
sponge  should  be  placed  in  the  suction  cone 
before  any  water  is  used  to  wash  out  the  hopper. 
After  the  remaining  concrete  is  thoroughly 
washed  off  the  shaft,  agitator  blades,  and 
hopper,  replace  the  cleanout  plugs  and  fill  the 
hopper  full  of  clear  water 

Stop  the  agitator  blades  and  operate  the 
pump  until  the  water  level  in  the  collector 
hopper  falls  to  the  top  of  the  suction  cone  Then 
insert  a  second  sponge  in  the  suction  cone,  refill 
the  hopper  with  water*  and  operate  the  pump  to 
deliver  the  remaining  concrete  and  water  to  the 
end  of  the  placement  line.  The  second  sponge 
will  hold  a  uniform  column  of  water  in  the  line 
and  thus  provide  a  more  thorough  cleaning 
action  than  can  be  obtained  by  using  only  one 
sponge. 

If  it  is  permissible  to  discharge  the  remaining 
concrete  and  water  into  the  placement  area,  or  if 
a  suitable  waste  area  is  available  adjacent  to  the 
placement  area,  the  remaining  concrete  and 
water  may  be  pumped  through  the  line  without 
interruption.  After  the  second  sponge  emerges 
from  the  end  of  the  line*  the  sponges  should  be 
rinsed  clean  and  the  cleanout  procedure 
repeated  to  insure  that  the  line  'S  entirely  free  of 
concrete  residue. 

If  the  placement  line  is  rigged  on  a  vertical 
rise  and  it  is  impossible  to  discharge  the 
remaining  concrete  and  water  near  the  pour  site, 
the  line  may  be  disconnected  at  the  bottom  of 
the  rise  and  the  concrete  allowed  to  drain  back 
down  the  tine  before  any  water  js  run  through. 
An  alternate  method  is  to  pump  the  concrete 
through  the  line  ahead  of  the  sponge  and  water 
and  remove  it  from  the  pour  area  by  some 
suitable  conveyance  The  !ast  bit  of  concrete  in 
the  line  will  be  slightly  diluted  by  a  small 
amount  of  water  which  will  bleed  through  Uk 
sponge.  When  this  diluted  material  begins  to 
emerge  from  the  line,  the  pump  should  be 
stopped,  the  line  disconnected  near  the  pum;\ 
and  the  water  and  sponges  allowed  to  drain  back 
through  the  Ime,  Once  again  the  cleaning 
procedure  with  the  water  and  sponges  should  be 
repeated  to  completely  scrub  fne  inside  of  the 
line. 

During  the  cleaning  process,  it  may  be 
desirable  to  know  the  location  of  ihe  first 
sponge  in  the  line.  This  can  be  determined  b> 
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Reference 


T 


Agitator  Shdtf 
Agitato*  S^d*T 


S^rm^S 

Rotor  $h*rr 


S^jrmqs  Whet*1 


Cr>3^n  Rollfr 

L^d''  A^Ml* 


Gear  Rp'lu* 
Civ** 


Q.I  fti-tuf* 

1 10  mm  t0t^  i 
V*  j      v  iT  a*. 

A  t""1  N  ^ (1  f J -h j  1 


Ou'V'  SI  n* 


Lubrication 
Specification 

UT>nn  Uoohd  HQ 
G'ej^t 

Union  Unot>d  HD 
G'i*dJ^ 

Uf^on  U'Wfrd  HD 
G*ea«f 


Union  Ut>o*m  HO 
Grease 


PdM  No  16900J1 
SAE  30  Moiof  Ori} 


SAE  20  MS  < 


Mob  'Muni  No  300 

i<  ( t*pt jftln  aMer"ri.>TK\ 
Sn  fV'v  Bt>Ok  J,  i 

^J'f>T£*Ti  f  *>i  *i!JVi 


GA^T  Af>  ??0 


Service 

T»voZ**'K  Mvngs  Apply 
Pftfttuv«  tjun  Chaige  both 
constant  p»mu'*  laboratory 

T^vo  Z   k  Mtmgs  Appty 
jh  Pttur?  gun 

One  Tertr  fitting  on  pump 
case  lekternji,  RHftdel 
On*  2erk  fitting  pump 
case,  {internal,  thru  access 
port,  LH  itd*l  Ap^rty 
pfWu'e  gun 

One  Zeik  hi^ng      each  end 
of  each  «he  I  (roller)  shaft 
Tot*'  (Thfu  access 

ports  both  ton  of  pump 
Ctfve  1  Apply  pr eiiuie  gun 

Spfdy  no  chjtn 


fjIUvfl 

Wj>r>Td  n  <  d^f  1  3  tG  1  2  tul1 

~C> j  . i \  Ts l I  *h~~&7^  Mi 

Mamta^n,  j?vp'  n  f*^efVOir 
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Figure  7-6$."Lubrtca1ton  chart  for  concreto  pump  (250  wtriet). 
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tapping  the  steel  pipe  with  a  metal  object.  The 
pipe  filled  with  concrete  will  produce  a  dull 
sound  when  tapped.  After  the  sponge  passes  and 
the  pipe  is  filled  with  water,  the  tapping  will 
produce  a  sharper  ring 

When  the  final  cleanout  operation  is 
complete,  the  placement  line  should  be 
disassembled  and  each  section  thoroughly 
drained.  It  may  be  advisable  to  fctwalk  out"  the 
rubber  hose  sections  to  remove  the  remaining 
water. 

Each  coupling  used  on  the  discharge  line 
should  be  thoroughly  cleaned,  and  the  coupling 
gaskets  should  be  washed  off  and  greased  when 
couplings  are  disassembled. 

Never  permit  the  suction  Lone  in  the  hopper 
to  become  uncovered.  This  caution  must  always 
be  observed  any  time  the  pump  is  being 
operated  regardless  of  the  material,  even  water. 
The  machine  will  pump  air  when  the  s-uction 
cone  in  the  hopper  is  uncovered, 

Compressed  air  should  NOT  he  used  to  clean 
the  placement  line  because  of  the  danger  of 
damage  to  any  object  or  person  struck  by  the 
concrete  with  the  force  of  air  behind  it. 
Concrete  propelled  from  the  end  of  the  line  by 
compressed  air  will  also  segregate  badly  and 
adversely  if  feet  the  quality  of  the  mix.  There  is 
also  the  danger  of  the  air  shooting  through  the 
column  of  concrete  rather  than  moving  it  ;is  a 
mass.  This  not  only  causes  thtf  concrete  to 
segregate,  but,  makes  the  ensuing  l  leaning  miRh 
more  difficult 

Pump  Shutdown 

Observe  itiL*  following  shutdown  btepb  for 
securing  the  Concrete  pump  after  placement  and 
cleanup  has  been  completed* 

I .   Place     the    speed    umtml    in  the 
NEUTRAL  position 


2.  Place  the  agitator  control  in  the  OFF 
position. 

3.  Relieve  the  vacuum  in  the  pump 
chamber  by  placing  the  vacuum  control 
lever  to  the  OFF  position, 

4.  Place  the  collector  hopper  slide  cylinder 
in  the  OFF  position. 

Stopping  the  Pump  Engine 

To  stop  the  concrete-pump  engine,  here  arc 
the  steps  to  fotlow: 

I.  educe  the  engine  speed  to  l,000rpm, 
minimum*  before  shutting  down.  This  permits 
the  engine  to  cool  down  and  provides  gradual 
and  uniform  cooling  of  engine  parts, 

2+  Turn  the  ignition  switch  to  the  OFF 
position. 

Concrete  Pump  Care  and  Maintenance 

As  with  itfost  equipment,  the  operator's  and 
maintenance  manual  supplied  by  the  equipment 
manufacturer  contains  the  complete  instructions 
for  bcrvicc  and  maintenance  (including 
lubrication)  of  the  pump.  The  life  and 
performance  of  a  concrete  pump  depends  on  the 
care  that  is  given,  P*  ^pcr  lubrication,  performed 
at  definite  infer  As>  will  aid  greatly  in 
prolonging  the  life  of  the  pump  and  in  reducing 
operating  expense. 

A  lubrication  guide  for  the  Challenge 
Squeeze-Crete  250  scries  trailer-mounted  con- 
crete pump  is  presented"  in  figure  7-68.  The 
guide  shows  a  lubrication  chart  indicating 
lubrication  specifications,  capacities,  and 
intervals  to  be  followed  by  those  operating  the 
pump. 


7-69 


CHAPTER  8 

MASONRY 


The  American  Standard  Builouig  Code 
Requirements  for  Masonry  defines  masonry  as  a 
"built-up  construction  or  combination  of 
building  units  of  materials,  such  as  clay,  shale, 
glass,  gypsum  or  stone,  set  in  mortar  or  plain 
concrete/1  However,  by  a  second  definition, 
masonry  is  construction  made  up  of 
prefabricated  masonry  units,  such  as  concrete 
blocks,  structural  clay  tile,  or  brick,  laid  in 
various  ways  and  jcned  together  with  mortar. 
Such  masonry  is  sometimes  called  unit  masonry. 

Tins  chapter  described  the  various  tools, 
equipment,  and  materials  that  the  Builder  uses 
when  working  with  prefabricated  masonry  units. 
Also  described  are  masonry  construction 
methods  and  safe  working  practices, 

MASONRY  TOOLS  AND  EQUffMENT 

The  mason's  tools  include  trowels,  a  -brick 
chisel,  a  hammer  and  a  jointer;  these  tools  are 
illustrated  ifl  figure  8-1, 

The  mason's  TROWEL  may  he  a  BRICK,  a 
BUTTERING,  or  a  POINTING  trowel,  as  shown 
in  figure  8-1,  The  trowel  is  used  for  mixing, 
placing,  and  spreading  mortar,  the  hammer  is 
used  for  tapping  masonrv  units  into  the  beds 
where  necessary,  an<  for  chipping  and 
rough-cutting.  For  smoother  cutting,  the  brick 
chisel  is  used.  Breaking  into  bats  and  closures  are 
done  with  the  chisel  peett  on  the  MASON's 
HAMMER-  Splitting  and  rough  breaking  are 
done  with  the  head  or  flat  of  the  hammer. 

The  JOINTER,  of  which  there  are  several 
types  other  than  the  one  shown  in  figure  8*1,  is 


used  for  making  various  joint  finishes  which  will 
be  described  later. 

The  mason  must  maintain  a  constant  check 
on  the  courses  to  insure  that  they  are  lev'il  and 
plumb;  otherwise  'lie  courses  will  appear  wavy 
and  the  plane  surfaces  warped.  The  equipment 
lor  this  vital  purpose  consists  of  a  length  of  line, 
a  steel  square  and  level,  and  a  straightedge  like 
the  one  shown  in  figure  8-2,  The  square  is  used 
to  lay  out  corners  and  for  other  right-angle 
work.  The  mason's  level  is  used  exactly  as  the 
carpenter's  level  is  in  wood  construction.  The 
straightedge  is  used  in  conjunction  with  the  level 
for  leveling  or  plumbing  long  stretches, 

A  MORTAR  BOARD  fo*  holding  a  supply 
of  ready-to-use  mortaT  shoulu  be  constructed  as 
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Figure  8*1,— Mason's  tools. 
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Figure  8-2.— Maion'i  ttratghtftdge. 
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Figure  8-3.-Mortar  board* 


metal  will  make  mixing  easier  and  also  prolong 
the  life  of  the  box.  Other  required  equipment 
includes  shovels,  mortar  hoes*  wheelbarrows, 
and  buckets. 

A  mortar  mixing  maching  as  shown  in  figure 
8-5*  is  used  for  mixing  large  quantities  of 
mortar.  The  mixer  consists  primarily  of  a  metal 
drum  containing  mixing  blades  mounted  on  a 
chassis  equipped  with  wheels  for  towing  from 
one  job  site  to  another.  The  mixer  is  powered  by 
cither  an  electric  motor  or  a  gasoline  powered 
engine.  Mortar  is  mixed  by  rhe  rotation  of  the 
blades  inside  Uie  drum.  After  mixing,  the  mortar 
is  discharged  into  a  wheelbarrow,  usually  by 
tilting  the  mixer  drum.  As  with  any  type 
machine*  refer  to  the  manufacturer's  operator 
and  maintenance  manual  before,  during,  and 
after  operation. 


shown  in  figure  8  3.  If  mortar  is  to  be  mixed  by 
hand,  it  should  be  mixed  in  a  MORTAR  BOX 
like  one  shown  in  figure  8-4.  However,  if  (he 
l>  is  expected  to  be  used  over  a  period  of  time, 
it  ,noutd  be  lined  with  some  type  of  metal.  The 
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Figure  8*4. -Mortar  oox. 
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Figure  8-5.— Msrtar  mixing  machine. 
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CONCRETE  MASONRY 

Concrete  masonry  has  become  increasingly 
important  as  a  construction  material.  Important 
technological  developments  m  the  manufacture 
and  utilization  of  the  units  have  accompanied 
the  rapid  increase  in  the  use  of  concrete 
masonry.  Concrete  masonry  walls  properly 
designed  and  constructed  will  satisfy  varied 
building  requirements  including  fire,  safety, 
durability,  economy,  appearance,  utility, 
comfort,  and  good  acoustics. 

Concrete  blocks  are  classified  by  weight, 
light  or  heavy.  The  heavyweight  blocks  are  made 
from  cement,  water,  and  aggregates,  such  as 
sand,  gravel,  or  crushed  limestone.  Lightweight 
blocks  are  made  by  combining  cement  and  water 
with  a  lightweight  aggregate,  such  as  vermiculite, 
expanded  dag,  or  pumice.  Lightweight  bjocks 
are  usually  about  3(Fc  lighter  than  the 
heavyweight  type  and  are  usually  lower  in 
compressive  strength  and  more  expensive  to 
produce. 

Concrete  block*  mav  be  manufactured  either 
by  machine  or  b>  hand-  A  concrete  block 
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Figure  8-G--8Jock  Machine* 


machine  as  shown  in  figure  8-6,  is  fed  a  dry  mix 
from  the  hopper  into  the  block  mold  and  in  turn 
is  automatically  tamped  until  the  material  is 
hard  enough.  Then*  the  mold  is  removed  and  the 
block  is  put  aside  to  set  up  without  losing  its 
shape.  In  the  hand  method,  a  plastic  mix  i* 
poured  into  sets  of  iron  mold**  which  can  he 
stripped  after  the  mix  has  set, 

BLOCK  SIZES  AND  SHAPES 

Concrete  masonry  units  ^re  made  in  fcfres 
and  shaped  to  fit  different  construction  needs 
Units  are  made  in  full  and  half-length  *izes  as 
shown  in  figure  8-7,  Concrete  unit  sizes  are 
usually  referred  to  b>  their  nominal  dimensions 
A  unit  measuring  7  5/8  in,  wide,  7  5/8  in  lugh, 
and  1 5  5/8  in.  long  js  referred  to  as  an 
8  x  8  x  16  in.  unit.  When  it  is  laid  in  a  wall  with 
3/8-in,  mortar  joints,  the  unit  will  occupy  a 
space  exactly  16  in.  long  and  8  in.  high.  Besides 
the  basic  8  x  8  x  16  units,  the  illustration  shows 
a  smaller  partition  unit  and  other  unit*  which 
arc  used  much  as  cut  brick  are  in  brick  masonry 

The  corner  unit  is  laid  at  a  Corner  or  some 
other  similar  point  where  a  smooth  rather  than  a 
recessed  end  is  required.  The  header  unit  i*  used 
in  a  backing  course  placed  behind  a  bnck  face 
tier  header  course.  Part  of  the  block  i*  cut  away 
to  admit  the  bnek  headers.  The  use*  of  the  oilier 
specials  shown  are  self-evident.  Besides  the 
shapes  shown  in  figure  8-7,  a  number  of  smaller 
shapes  for  various  special  purposes  are  available. 
Units  may  be  cut  to  desired  shapes  with  a 
bolster  or,  more  conveniently  and  accurately, 
with  a  power-driven  masonry  saw  such  as  that 
shown  in  figure  8-8.  Be  sure  to  follow  the 
manufacturer's  manual  for  operation  and 
maintenance  of  this  saw. 

BLOCK  MORTAR  JOINTS 

The  sides  and  the  recessed  ends  of  a  eonerete 
block  are  called  the  SHELL;  and  the  material 
which  forms,  as  it  were*  the  partitions  between 
the  cores  is  called  the  WEB.  Each  of  the  long 
sides  of  a  block  is  called  a  FACE  SHELL,  and 
each  of  the  recessed  ends  is  called  an  END 
SHELL.  The  vertical  ends  of  the  face  shells,  on 


BUILDER  3  &  2 


ERIC 


STRETCHER  CORNER  CHANNEL  STRETCHER  CORNER  CHANNEL 

<Dl&«atloBt  *****  *r*  actual  ttalt  A  TV  *  *S"  I  unit  It  {obuotir  knows  bj  an       k       *  l$"  bloct  ] 


stretcher 
( modular) 


29, 142(1 33  F) 


Figure  8-7,— Typical  sizes  and  shapes  of  concrete  masonry  units. 


either  side  of  the  end  shells,  are  called  the 
EDGES,  Bed  joints  on  first  courses  and  bed 
joints  in  column  construction  are  mortared  b> 
spreading  a  Hn,  layer  of  mortar.  This  is  called 
FULL  MORTAR  BEDDING,  For  most  other 
bed  joints,  only  the  upper  edges  of  the  face 


shells  need  to  be  mortared.  Thi*  is  called  FACE 
SHELL  MORTAR  BEDDING. 

Head  joints  may  be  mortared  by  buttering 
both  edges  of  the  block  being  laid  or  by 
buttering  one  edge  on  the  block  being  laid  and 
the  opposite  edge  on  the  block  already  in  place. 
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Figure  8*8.^M£sonry  saw- 


MASONRY  MORTAR 

There  are  two  common  kinds  of  masonry 
mortar:  LIME  and  PORTLAND  CEMENT- 
LIME.  Lime  mortar  is  a  mixture  of  sand, 
hydrated  lime,  and  water  proportioned  to 
produce  a  plastic,  workable  paste.  When  the 
mortar  sticks  to  the  tools,  more  sand  is  added; 
but  when  it  lacks  cohesion  and  fails  to  adhere  to 
masonry  units,  more  lime  is  added.  When  it  is 
too  stiff  for  easy  mixing  and  troweling,  more 
water  is  added  Lime  mortar  is  normally  used 
only  in  temporary  work,  whtrc  the  masonry 
units  can  be  salvaged  to  be  used  again. 

Although  portland  cement  mortar  can  be 
nade  with  Portland  cement,  sand,  and  water 
only  (leaving  out  the  lime),  it  is  hard  to  work. 
Workability  and  "fatness**  of  masonry  mortar 
are  improved  through  the  addition  of  lime. 
There  are  two  types  of  Portland  cement-mortar 
Type  A  is  strong,  intended  primarily  for  use  in 
permanent,  reinforced  masonry  structures,  The 
ingredient  proportions  for  type  A  are, 

l  sack  portland  cement 
3  cu  ft  of  damp  sand 
13  lb  hydrated  lime 


Type  B  should  not  be  used  for  reinforced 
mdaonrjs  but  it  is  strong  enough  for  nearly  all 
other  purposes.  The  ingredient  proportions  for 
type  B  arc: 


I  sack  Portland  cement 
6  cu  ft  damp  sand 
50  lb  hydrated  lime 


Sufficient  mixing  water  should  be  added  to 
obtain  the  desired  consistency.  If  a  large 
quantity  of  mortar  is  required,  it  should  be 
mixed  in  a  drum-type  mixer  similar  to  those 
used  for  mixing  concrete.  The  mixing  time 
should  not  be  less  than  3  minutes.  All  dry 
ingredients  should  be  placed  in  the  mixer  first 
and  mixed  for  1  minute  before  adding  the  water 

Unless  large  amounts  of  mortar  are  required, 
the  mortar  is  mixed  by  hand  using  a  mortar  box 
like  the  one  shown  in  figure  8-4,  Care  must  be 
taken  to  mix  ail  the  ingredients  thoroughly  to 
obtain  a  uniform  texture.  As  in  machine  mixing, 
all  dry  material  should  be  mixed  first,  A  steel 
drum  filled  with  water  should  be  kept  close  to 
the  mortar  box  for  the  water  supply,  A  second 
drum  of  water  should  be  available  for  shovels 
and  hoes  when  not  in  use. 


MODULAR  PLANNING 


Concrete  masonry  walls  should  be  laid  out 
to  make  maximum  use  of  full-  and  half-length 
units,  thus  minimizing  cutting  and  fitting  of 
units  on  the  job.  Length  and  height  of  wall, 
*vidth  and  height  of  openings  and  wall  areas 
between  doors,  windows,  and  corners  should  be 
planned  to  use  full-size  and  half-size  units  which 
arc  usually  available  (fig,  8-9),  This  procedure 
assumes  that  window  and  door  frames  are  of 
modular  dimensions  which  fit  modular  full- and 
half-size  units.  Then,  all  horizontal  dimensions 
should  be  in  multiples  of  nominal  full-length 
masonry  units  and  both  horizontal  and  vertical 
dimensions  should  be  designed  to  be  in  multiples 
of  8  inches.  Table  8-1  lists  nominal  length  of 
concrete  masonry  walls  by  stretchers  and  table 
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Figure  3*9.-Plannlng  concrete  masonry  wall  opening*. 


8-2  lists  nominal  height  of  concrete  masonry 
walls  by  courses.  When  units  8  x  4  x  16  are  used, 
the  horizontal  dimensions  should  be  planned  in 
multiples  of  Sin.  (halMength  units)  and  the 
vertical  dimensions  in  multiples  of  4  inches.  If 
the  thickness  of  the  wall  is  greater  or  less  than 
the  length  of  3  half  unit,  a  special  length  una  is 
required  at  each  corner  in  each  course.  Table  8*3 
lists  the  average  number  of  concrete  masonry 
units  by  :>ize  and  approximate  number  of  cu  ft 
of  mortar,  for  every  100  sq  f t  of  concrete 
masonry  wall. 

ESTIMATING  MORTAK 

You  will  be  able  to  use  rule  38  for 
calculating  the  amount  of  raw  material  needed 
to  mix  one  yard  of  mortar  without  a  great  deal 
of  paper  work.  This  calculating  rule  will  not  give 
the  accurate  amount  of  required  raw  materials 
for  Urge  masonry  construction  jobs*  you  will 


hive  to  use  the  absolute  volume  or  weight 
formulae.  However,  in  most  cases,  particularly  in 
advanced  bare  construction,  you  can  use  the  rule 
of  thumb  to  quickly  estimate  the  quantities  of 
the  required  raw  materials. 

Buildtrs  have  found  that  it  takes  about 
38  cu  ft  of  raw  materials  to  make  1  cuyd  of 
mortar.  In  using  the  38  calculating  rule  for 
mortar,  take  the  rule  number  and  divide  it  by 
the  sum  of  the  quantity  figures  specified  in  the 
mix.  For  example,  let  us  assume  that  the 
building  specifications  call  for  a  1:3  mix  for 
mortar  1  +  3  =  4.  Then  38  +  4  =  9  1/2.  You  will 
then  need  9  1/2  sacks  or  9  1/2  cu  ft  of  cement. 
In  order  to  calculate  the  amount  of  fine 
aggregate  (sand),  you  simply  multiply  9  1/2  by 
3.  The  product  28  1/2  cuft  is  the  amount  of 
sand  you  need  to  mix  one  cu  yd  of  mortar  using 
a  1:3  mix.  The  sum  of  the  two  required 
quantities  should  always  equal  the  calculating 
rule  38.  Therefore,  you  can  always  check  in 
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Table  6-1--Nomma!  Length  of  Concrete  Masonry  Walls 
by  Stretcher! 


(Actual  length  of  wall  £*  measured  from  outside  edge  to 
outside  edge  of  units  and  is  equal  to  the  nominal  length 
minus  W  (one  mortar  joint). 


No.  Of  Itttfcbttl 

Nominal  Ic&itb  of  concret*  muoory  wtUi 

half  unit*  TH"  toai 
with  »"  IhlcX  fc**d 

Ualu  tiW  tem  wad 
b*lf  unit*  W  toai 
with  J*"  Iblck  fc**d 
Joint* 

I'  4f' 

r  o". 

2'  0"* 

)H  

2  

2'  8" 

2H  

3'  4" 

2'  6", 
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3'  6 ", 

3  

4*  0"  

3H  

4'  A'' 

4  

J*'  4" 

4'  0 
4  o  , 

5'  0", 

4H  

6'  0",  ****** 

5  

6'  fl'' 

5H  

?'  4" 

Sr  6". 
6  0  ■ 

e'  6", 

e  

8  0   

6K  

ft'  A" 

7-  

fl'  4" 

r  o", 
7'  e". 

8'  0", 

7H  

10'  0"  

3  

10'  8"  

8K  

11'  4"  

8'  6", 
9'  0". 
9'  6", 

9  

;2'  o"  

M  

12'  8"  

10  

13'  4"  

10'  0". 
!0'  6", 

iro". 

10K  -  

14'  0"  

U  

14'  8"  

UH  

15'  4  "  

ii' e\ 

12'  0" 

12'  e". 

12  

16'  0"  

12K  

16'  8"  

13  

17'  4"  

13*  0", 
13'  6", 
14'  0". 

13K  

18'  0"  

14  

18'  8"  

14K  

ir  4"  

14'  6". 
15'  0" 
20'  0", 

IS  

20*  0"  

26'  8"  

20  

45.730 


Table  8<2, -Nominal  Height  of  Concrete  Masonry  Watli 
by  Coursei 


(For  concrete  masonry  units  7K"  and  3H"  in  height  laid 
with  54"  mortar  joints.  Height  is  measured  from  center 
to  center  of  mortar  joints.)   


So.  Of  CffUTJfe* 

Notnlut  beifbt  of  contftt*  Bt*rarj  wtlb 

UtUUTti'*  bllbtntl 
H"  thick  b«  Joint 

UtdtsW  blihtad 
H"  thick  tod  Joint 

1  

8" 

4". 
8", 
V  Q'\ 

2  

r  4"  

3  

2'  0"  

2'  8"  

V  4". 

V  8". 
2'  0", 

5  

3'  4"  

6  

4'  0"  

4'  8"  

2'  4", 
2'  8", 
3'  0 

5'  4"  

6'**"  ,,, 

10  

6'  8"  

3f  4", 

5'  0", 
6'  8", 

15  

20  

10'  0"  

13'  4" 

25  

16'  <J"  

8'  4" 
10'  0". 
U'  8", 

30  

20'  0"  

35  

23'  4"  

40  

26'  8"  

13'  4", 
15'  0", 
16'  8". 

*5  

30'  0"  

50  

33'  4"  

45,731 


order  to  see  if  you  are  using  the  correct 
amounts.  In  the  above  example,  9  1/2  sacks  of 
cement,  plus  28  1/2  cu  ft  of  sand,  equal  38* 

SAFE  HANDLING  OF  MATERIAL 

Personnel  handling  cement  or  lime  tags 
should  wear  goggles  and  snug-fitting  neck  and 
wrist  bands.  They  should  always  practice 
personal  cleanliness  and  never  wear  clothing  that 
has  become  hard  and  stiff  with  cement.  Such 
ciothing  irritates  the  skin  and  may  cause  serious 
infection.  Any  susceptibility  of  their  skin  to 
cement  and  lime  burns  should  be  reported. 
Personnel  who  are  allergic  to  cement  or  'ime 
should  be  transferred  to  other  jobs. 
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Table  8>3.-Averege  Concrete  Masonry  Unltt  end  Mortar  per  1Q0  *q  ft  of  Walt 


DESCRIPTION, 

*IZE  OF 
GLOCK  (in.) 

THICKNESS 
MALL 
OM 

WEIGHT 
PER 
UNIT 

(lb.) 

NUMBER  OF 
UNITS  PER 

100  SQ. 

FT.  OF 
MALL  AREA 

HORTAft 
(cu.  ft.) 

WEIGHT, 
POUNOS  PER 
100  SO. 

n .  of 

MALL  AREA 

8  X   8  X  16 

8 

50 

no 

3.25 

5850 

8  X   8  X  12 

8 

38 

146 

3.5 

6000 

8  X  12  X  16 

12 

85 

110 

3.25 

9700 

8  X    3  X  16 

3 

20 

110 

2.75 

2600 

9  X    3  X  18 

3 

26 

87 

2.5 

2500 

12  X    3  X  12 

3 

23 

100 

2.5 

2550 

8  X    3  X  12 

3 

15 

146 

3.5 

2550 

8  X    4  X  16 

4 

28 

110 

3.25 

3450 

9  X    4  X  18 

4 

35 

87 

3.25 

3350 

12  X    4  X  12 

4 

31 

100 

3.25 

3450  * 

8  X    4  X  12 

4 

21 

146 

4 

3500 

8  X    6  X  16 

6 

42 

no 

3.25 

5000 

133.454 


Bags  of  cement  or  lime  should  not  be  piled 
more  than  10  bags  high  on  a  pallet  except  when 
stored  in  bins  or  enclosures  built  for  such 
purposes.  The  bags  around  the  outside  of  the 
pallet  should  be  placed  with  the  mouths  of  the 
bags  facing  the  center.  To  prevent  piled  bags 
from  falling  outward,  the  first  five  tiers  of  bags 
each  way  from  any  corner  must  be  crosspiled 
and  a  setback  made  commencing  with  the  sixth 
den  If  necessary  to  pile  above  the  tenth  tier, 
another  setback  must  be  made.  The  back  tier, 
when  not  resting  against  a  wall  of  sufficient 
strength  to  withstand  the  pressure,  should  be  set 
back  one  bag  every  five  tiers,  the  same  as  the 
end  tiers. 

During  unpiling,  the  entire  top  of  the  pile 
should  be  kept  level  and  the  necessary  setbacks 
every  five  tiers  maintained. 

Lime  and  cement  must  be  stored  in  a  dry 
place.  This  helps  to  prevent  lime  from  crumbling 
and  the  cement  from  hydrating  before  it  is  used. 


CONCRETE  MASONRY  CONSTRUCTION 

After  locating  the  comers  of  the  wall,  the 
Builder  usually  checks  the  layout  by  stringing 
out  the  blocks  for  the  first  course  without 
mortar  (fig.  8-10).  A  chalked  snaplineis  useful 


to  mark  the  footing  and  aline  the  block 
accurately.  A  full  bed  of  mortar  is  then  spread 
and  furrowed  with  the  trowel  to  insure  plenty  of 
mortar  along  the  bottom  edges  of  the  face  shells 
of  the  block  for  the  first  course  (fig-  8-1  !)■  The 
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Figure  8-10.— Stringing  out  blocks. 
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Figure  8*11.~ttpread  and  furrow  mortar  bed. 


comer  block  should  be  laid  first  and  carefully 
positioned  (fig.  8~l2).  All  block  should  be  laid 
with  the  thicker  end  of  the  face  shell  up  to 
provide  a  larger  mortar-bedding  area  (fig.  8-I3), 
Mortar  is  applied  only  to  the  ends  of  the  face 
shells  for  vertical  joints.  Several  blocks  can  be 
placed  on  end  and  the  mortar  applied  to  the 
vertical  face  shells  in  one  operation.  Each  block 
is  then  brought  over  its  final  position  and 


133.2o7 

Figure  oM2.-to»ition  corner  block- 


133.268 

Figure  8-1 3. -Blocks  buttered  for  vertical  joints, 

pushed  downward  into  the  mortar  bed  and 
against  the  previously  laid  block  to  obtain  a 
well-filled  vertical  mortar  joint  (fig.  8-14),  After 
three  or  four  blocks  have  been  laid,  the  mason's 
level  is  used  as  a  straightedge  to  assure  correct 
alinement  of  the  blocks.  Then  the  blocks  are 
carefully  checked  with  the  level  and  brought  to 
the  proper  grade  and  made  plumb  by  tapping 
with  the  trowel  handle  (fig.  8-I5),  The  first 
course  of  concrete  masonry  should  be  laid  with 
great  care,  to  make  sure  it  is  properly  alined, 
leveled^  and  plumbed,  and  to  assure  that 
succeeding  courses,  and  finally  the  wall,  art 
straight  and  true. 


133.269 

Figure  8- 14. —Positioning  block. 
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PLUMBING  BLOCK 


133,270 

Figure  8*15*— Checking  first  com** of  bfocks. 


After  the  first  course  is  laid,  mortar  is 
applied  only  to  the  horizontal  face  shells  of  the 
block  {face-shell  mortar  bedding)*  Mortar  for  the 
vertical  joints  may  be  applied  to  the  urtical 
faceshells  of  the  block  to  be  placed  or  to  the 
block  previously  laid  or  both,  to  insure 
well-filled  joints  (fig,  8- 1 6),  The  corners  of  the 
wall  are  built  first,  usually  four  or  five  courses 
higher  than  the  center  of  the  wall.  As  each 


133371 

Figure  8*16.— Vertical  joints* 


course  is  laid  at  the  corner,  it  is  checked  with  a 
level  for  alinement,  for  levelness,  and  for 
plumbness,  as  shown  in  figure  8- 17,  Each  block 
is  carefully  checked  with  a  level  or  straightedge 
to  make  certain  that  the  faces  of  the  block  are 
all  in  the  same  plane  to  insure  true,  straight 
walls.  The  use  of  a  story  or  course-pole,  a  board 
with  markings  Sin,  apart,  provides  an  accurate 
method  of  determining  the  height  for  each 
masonry  course  (fig.  8-18)*  Joints  are  3/8-in, 
thick*  Each  course^  in  buiiding  the  corners,  is 
stepped  back  a  half  block  and  the  Builder  checks 
the  horizontal  spacing  of  the  block  by  placing 
the  level  diagonally  across  the  corners  of  the 
block  (fig,  8*19), 

When  filling  in  the  wall  between  the  comers, 
a  mason's  line  is  stretched  from  corner  to  corner 
for  each  course  and  the  top  outside  edge  of  each 
block  is  laid  to  this  line.  The  manner  of  gripping 
the  bbek  is  important.  It  should  be  tipped 
slightly  towards  the  Builder  so  the  edge  of  the 
course  below  can  be  seen  enabling  the  lower 
edge  of  the  block  to  be  placed  directly  over  the 
course  below  (fig,  8-20),  All  adjustments  to  final 
position  must  be  made  while  the  mortar  is  soft 
and  plastic,  Any  adjustments  made  after  the 
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Figure  8*18, —Use  of  ttory  or  course  pole. 
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Figure  8-20. -Adjuring  block  between  corners. 


mortar  has  stiffened  will  break  the  mortar  bond 
and  allow  the  penetration  of  water.  Each  block 
is  leveled  and  alined  to  the  mason's  line  by 
tapping  thein  lightly  with  the  trowel  handle.  The 
use  of  the  mason's  level  between  corners  is 
limited  to  checking  the  face  of  each  block  to 
keep  it  lined  up  with  the  face  of  the  *vall. 

To  assure  a  good  bond,  mortar  should  not  be 
spread  too  far  ahead  of  actual  laying  of  the 
block  or  it  will  stiffen  and  lose  its  plasticity.  As 
each  block  is  laid,  excess  mortar  extruding  from 
the  joints  is  cut  off  with  the  trowel  (fig.  8-21) 
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Figure  8-19,-Checking  horizontal  spacing  of  block. 
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Figuee  8-21  .—Cutting  off  excess  mortar. 
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and  is  thrown  back  on  the  mortar  board  to  be 
reworked  into  the  fresh  mortar.  Dry  mort3i*that 
has  been  picked  up  from  The  scaffold  or  from 
the  floor  should  not  be  used. 

When  the  closure  block  is  being  installed, 
all  edges  of  the  opening  and  all  four  vertical 
edges  of  the  closure  block  are  buttered  with 
mortar  and  the  closure  block  is  carefully 
Towered  into  place  (fif„  8*22).  If  any  of  the 
mortar  falls  out  leaving  an  open  joint,  the  block 
should  be  removed  and  the  procedure  repeated, 

Weathertight  joints  and  neat  appearance  of 
concrete  block  walls  are  dependent  on  proper 
tooong.  The  mortar  joints  should  be  tooled  after 
a  section  of  the  wall  has  been  laid  and  the 
mortar  has  become  "thumb-print"  hard.  Tooling 
(fig.  8-23)  compacis  the  mortar  and  forces  it 
tightly  against  the  rrasonry  on  each  side  of  the 
joint.  All  joints  should  be  tooled  either  concave 
or  V-shaped,  Horizontal  joints  should  be  tooled 
first*  followed  by  striking  thevertical joints  with 
a  small  S-shaped  jointer  Mortar  burrs  remaining 
after  tooling  is  completed  should  be  trimmed  off 
flush  with  the  face  of  the  wall  with  a  trowel  or 
removed  by  rubbing  with  a  burlap  bag  or  soft 
bristle  brush. 

Wood  plates  an*  fastened  to  tops  of  concrete 
masonry  walls  by  anchor  bolts  1/2  in.  in 
diameter,  IS  in.  long  and  spaced  not  more  than 
4  ft  apart,  The  bolts  are  placed  in  the  corns  of 
the  top  two  courses  of  block  with  the/cores 
filled  with  concrete  or  mortar.  Pieces  of  metal 
lath  placed  in  the  second  horizontal  mortar  joint 


T^OU^S  HORIZONTAL  jSjNT? 
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Figure  8-23.~Tooting  mortar  jolnti. 


from  the  top  of  the  wall  and  tinder  the  cores  to 
be  filled  (fig.  8-24)  will  hold  the  concrete  or 
mortar  filling  in  place.  The  threaded  end  of  the 
bolt  should  extend  above  the  top  of  the  wall. 

CONTROL  JOINTS 


Figure  £-22. -Installing  closure  block. 


133.277  Control  joints  are  continuous  vertical  joints 

built  into  concrete  masonry  walls  to  control 
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$£*  *1NG  ANCHOR  60 L T 


133.279 

Figure  8-24, -Installing  anchor  bolts  on  top  of  wall 


cracking  resulting  from  unusual  stresses.  The 
joints  are  intended  to  permit  slight  wall 
movement  without  cracking.  Control  joints 
should  be  laid  up  in  mortar  just  as  any  other 
joint,  Full-  and  UalMength  block  are  used  to 
form  a  continuous  vertical  joint  (fig.  3-25).  If 
this  type  of  joint  is  exposed  to  the  weather  or  to 
view,  it  should  be  caulked.  After  the  mortar  is 


I    PULL  AND  HAL  P  LENGTH  BLOCK  FOR  JOINT 


2    AAKlNG  MORTAR  UftOM  JOINT 
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Figure  8-25r-Control  ioint. 


quite  stiff,  it  should  be  raked  out  to  a  depth  of 
about  3/4  in  to  provide  a  recess  for  the  caulking 
material  A  thin,  flat  caulking  trowel  is  used  to 
force  the  caulking  compound  into  the  joint. 
Another  type  of  control  joint  can  be 
constructed  with  building  paper  or  roofing  felt 
inserted  in  the  end  core  of  the  block  and 
extending  the  full  height  of  the  control  joint 
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(fig,  8-26),  The  paper  or  felt,  cut  to  convenient 
lengths  and'  wide  enough  to  exttnd  across  the 
joint,  prevents  the  mortar  from  bonding  on  one 
side  of  the  joint.  Sometimes  control  joints  are 
used  if  available. 

To  provide  lateral  support,  melal  ties  can  be 
laid  across  the  joint  in  every  other  horizontal 
course. 


INTERSECTING  WALLS 


angles  on  weh  end  (fig.  8-27),  Tiebars  are  spaced 
not  over  4  ft  apart  vertically.  Bends  at  the  ends 
of  the  tiebars  are  embedded  in  cores  filled  with 
mortar  or  concrete.  Pieces  of  metal  lath  placed 
under  the  cores  support  the  concrete  or  mortar 
filling  as  previously  shown  in  figure  8-24, 

To  tie  nonhealing  block  walls  to  other  walls, 
strips  of  metal  lath  or  1/4-in.  mesh  galvanized 
hardware  cloth  are  placed  across  the  joint 
between  the  two  walls  (fig.  8-28),  in  alternate 
courses  in  the  wall  When  the  first  wall  is 


Except  at  the  comers,  intersecting  concrete 
block  bearing  walls  should  not  be  tied  together 
in  a  masonry  bond.  Instead,  one  wall  should 
terminate  at  the  face  of  the  other  wall  with  a 
control  joint  at  the  point*  Bearing  walls  are  tied 
together  with  a  metal  tiebar  that  is  bent  at  right 
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Figure  8-26.«-Paper  or  felt  used  for  control  joints. 
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Figure  6-27,-Tieing  intersecting  bearing  walls. 
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mortar  joint  between  WALLS 
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Figure  3-28.— Tiring  Intersecting  nonhealing  walls. 


constructed,  the  meta]  strips  are  built  into  the 
wall  and  later  tied  into  the  mortar  joint  of  the 
second  wall.  Control  joints  are  constructed 
where  the  two  walls  meet. 

LINTELS 

The  top  of  openings  for  door  and  windows 
in  masonry  construction  may  be  made  in  two 
different  ways.  One  is  to  use  a  precast  concrete 
lintel;  in  this  way  the  opening  can  be  formed 
before  the  door  or  window  frame  is  set.  The 
other  method  is  to  use  the  lintel  blocklike  that 
shown  in  figure  8-29.  Here  the  frame  is  set  in 
place  and  the  block  wall  is  built  around  it.  Lintel 
blocks  are  used  across  the  top  and  are  extended 
a  minimum  of  Sin.  past  each  edge  of  the 
opening.  Reinforcing  bars  and  concrete  are 
placed  in  the  lintel  blocks.  Window  and  door 
openings  in  masonry  should  be  planned  to  bring 
the  top  or  bottom  course  in  line  with  the 
openings. 

REINFORCED  BLOCK  WALLS 

Block  walls  may  be  reinforced  vertically  or 
horizontally.  To  reinforce  vertically,  p,d*ce 
reinforcing  rods  into  the  cores  at  the  specified 
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Figure  8*29*- Lintel  made  from  blocks. 
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spacing  and  fill  the  cores  with  a  relatively  high 
slump  concrete,  Rebars  (studs)  should  be  placed 
at  each  comer  and  at  both  sides  of  each  opening. 
The  vertical  rebars  should  generally  be  spaced  a 
maximum  of  32  in.  O.C  in  walls.  Where  spliced 
block  are  required,  the  ban  should  be  lapped  40 
diameters.  The  concrete  should  be  placed  in  one 
continuous  pour  from  foundation  to  plate  line. 
A  cleanout  block  may  be  placed  in  the  first 
course  at  every  rebar  (stud)  for  cleanout  of 
excess  mortar  and  to  insure  proper  alinement 
and  taps  of  rebars. 

Horizontal  rebars  should  be  placed  in  bond 
beam  units  which  are  laid  with  the  channel  up 
and  then  filled  with  concrete.  Bond  beams  may 
be  installed  both  below  windows  and  at  the  top 
of  the  wall  at  the  plate  line.  Typically,  the 
reinforcing  rebars  used  may  be  two  3/8  in- 
diameter  deformed  bars  (lapped  40  diameters  at 
splices).  You  should  always  check  the 
specifications  carefully  for  the  size  and  number 
of  rebars  to  be  used.  A  pilaster  block  may  be 
used  to  provide  lateral  strength  and  greater 
bearing  area  for  the  beam  ends  carried  on  the 
wall,  One  type  of  pilaster  is  shown  in  figure 
8-30, 

Practical  experience  indicates  that  control  of 
cracking  and  wall  flexibility  can  be  achieved 
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Figure  8-30. —One  type  of  pilaster. 


with  the  use  of  horizontal  joint  reinforcing.  The 
amount  of  joint  reinforcement  depends  largely 
upon  the  type  of  construction.  Horizontal  joint 
reinforcing*  where  required,  should  consist  of 
not  less  than  two  deformed  longitudinal  No.  9 
(or  heavier)  cold-drawn  steel  wires.  Truss  type 
cross  wires  should  be  1/8  in.  diameter  (or 
heavier)  of  the  same  quality.  Figure  8-31  shows 
joint  reinforcement  at  a  vertical  spacing  of  1 6  in. 

The  location  and  details  of  bond  beams* 
control  joints*  and  joint  reinforcing  should  all  be 
shown  on  the  drawings. 

PATCHING  AND  CLEANING 
BLOCK  WALLS 

Any  patching  of  the  mortar  joints  or  filling 
of  holes  left  by  nails  or  line  pins  should  be  done 
with  fresh  mortar. 

Hardened*  embedded  mortar  smears  cannot 
be  removed  and  paint  cannot  be  depended  on 
to  hide  smears,  so  particular  cam  should  be 
taken  to  prevent  smearing  mortar  into  the 
surface  of  the  block.  Concrete  block  walls 
should  not  be  cleaned  with  an  acid  wash  to 
remove  smears  or  mortar  droppings.  Mortar 
droppings  that  stick  to  the  block  wall  should  be 
allowed  to  dry  before  removal  with  a  trowel 
(view  A,  fig.  8-32),  Most  of  the  mortar  can  be 
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Figure  3-37.-Ma*onry  waif  horizontal  joint  reinforce* 
ment. 
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Figure  8-32. -Patching  and  cleaning  concrete  block. 
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removed  by  rubbing  with  a  smalt  piece  of 
concrete  (broken)  blocJt  after  the  mortar  is  dry 
and  hard  (view  B,  fig*  8-32)>  Finally  brushing  the 
rubbed  spots  will  remove  practically  all  of  the 
mortar  (view  C,  fig.  8*32). 

WATERTIGHT  BLOCK  WALLS 

To  insure  that  block  walls  below  grade  will 
be  watertight,  they  should  be  covered  wixh 
plaster  and  sealed.  Plastering  consists  of  applying 
two  1/4-in.  coats  of  plaster,  using  1:2  1/2 
mortar  mix.  The  wall  should  be  dampened 
before  applying  the  plaster  in  order  to  get  a 
good  boncl  The  first  coat  should  extend  from 
6  in.  above  the  grade  tine  down  to  the  footing. 
When  it  is  partially  set  up,  roughen  the  surface 
with  a  wire  brush  and  then  allow  it  to  set  for  at 
least  24  hours.  Dampen  the  wall  again  before  the 
second  coat  is  applied.  After  the  second  coat  is 
applied,  the  wall  should  be  kept  damp  for  48 
hours. 

In  poorly  drained  or  heavily  wet  soils,  the 
plaster  should  be  covered  with  two  coats  of 
asphalt  waterproofing,  brushed  on.  The  wall 
may  be  further  protected  by  laying  a  line  of 
drainage  tile  around  the  outside  of  the  footing- 
Cover  the  tile  joints  with  pieces  of  building 
paper  and  cover  the  tile  with  about  12  in.  of 
washed  gravel  before  the  back  filling  is  done. 


STRUCTURAL  CLAY  TILE  MAtSONRY 

Hollow  masonry  units  made  of  burned  clay 
or  shale  are  called  by  various  names,  such  as 


structural  tiles,  building  tiles,  hollow  tiles, 
structural  clay  tiles,  structural  clay  hollow  tiles, 
and  structural  clay  hollow  building  tiles.  Fliey 
are  referred  to  as  BUILDING  TILES  in  this 
manual.  In  building  tile  manufacture,  plastic 
clay  is  pugged  through  a  die  and  the  shape  which 
emerges  is  cut  off  into  units.  The  units  are  then 
burned  much  as  bricks  are  burned. 

The  openings  in  a  building  tile,  which 
correspond  to  the  cores  in  a  brick  or  a  concrete 
block,  are  called  CELLS.  The  solid  sides  of  a  tile 
are  called  the  SHELL,  and  the  perforated 
material  enclosed  by  (he  shell  is  called  the  WEB. 
A  tile  which  is  laid  on  one  of  its  shell  faces  is 
called  a  SID&CONSTRUCTION  tile;  one  which 
is  laid  on  one  of  its  web  faces  is  called  an 
END-CONSTRUCTION  tile.  Figures  8-33  and 
8-34  show  the  sizes  and  shapes  of  basic  side-  and 
end-construction  building  units.  Special  shapes 
for  us?  at  corners  and  openings,  or  lor  use  as 
closures,  are  also  available. 


PHYSICAL  CHARACTERISTICS 


The  compressive  strength  of  the  individual 
tile  depends  upon  the  materials  used  and  upon 
the  method  of  manufacture,  in  addition  to  the 
thickness  of  the  shells  and  webs.  A  minimum 
compressive  strength  of  tile  masonry  of  3001b 
per  sq  in.  based  on  the  gross  section  may  be 
expected.  The  tensile  strength  of  structural  clay 
tile  masonry  is  small.  In  most  cases,  it  is  less 
than  10  percent  of  the  compressive  strength. 


Figure  8*33. -Standard  shapes  of  sida-contfniction  building  tiles. 
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Figure  Substandard  shapes  of  end-construction  building  tile*. 
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The  abrasion  resistance  of  clay  tile  depends 
primarily  upon  its  compressive  strength.  The 
stronger  the  tile,  the  greater  its  resistance  to 
wearing.  The  abrasion  tesistance  decreases  as  tha 
amount  of  water  absorbed  increases. 

Structural  clay  facing  tj'e  has  excellent 
resistance  to  weathering.  Freezing  and  thawing 
action  produces  almost  no  deterioration.  Tile 
that  will  NOT  absorb  more  than  16  percent  of 
their  weight  of  water  have  never  given 
unsatisfactory  performance  in  resisting  the 
effect  of  freezing  and  thawing  action.  Only 
Portland  cement-lime  mortar  or  mortar  prepared 
from  masonry  cement  should  be  used  if  the 
masonry  is  exposed  to  the  weather. 

Walls  containing  structural  clay  tile  have 
better  heat-insulating  qualities  than  do  walls 
composed  of  solid  units,  due  to  dead  air  space 


that  exists  in  tile  walls.  The  resistance  to  sound 
penetration  of  this  *ype  of  masonry  compares 
favorably  with  the  resistance  of  solid  masonry 
walls*  but  is  somewhat  less. 

The  fire  resistance  of  tile  walls  is 
considerably  less  than  the  fire  resistance  of  solid 
masonry  walls.  It  can  be  improved  by  applying 
a  coat  of  plaster  to  the  surface  of  the  wall. 
Partitions  walls  of  structural  clay  tils  6  in,  thick 
will  resist  a  fire  for  1  hr  provided  the  fire  does 
not  produce  a  temperature  higher  than  1  J00°F, 

The  solid  material  in  structural  clay  tile 
weighs  about  125  1b  per  cu  ft.  Since  the  tile 
contains  hollow  cells  of  various  sizes,  the  weight 
of  tile  varies,  depending  upon  the  manufacture 
and  type.  A  6-in,  tile  wall  weighs  approximately 
30  lb  per  sq  ft;  a  12-in,  tile  wall  weighs 
approximately  45  lb  per  sq  ft. 
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USES  FOR  STRUCTURAL  CLAY  TILE 

Structural  clay  tile  may  be  used  forexterior 
walls  of  either  the  load-bearing  or  nonload* 
bearing  type.  It  is  suitable  for  both  belowgrade 
and  above-grade  construction. 

Non  load-bearing  partition  walls  of  from  4- 
to  12-in.  thickness  are  frequently  made  of 
structural  clay  tile.  These  walls  are  easily  built, 
light  in  weight,  and  have  good  heat*  and 
sound'insulating  properties. 

Figure  8-35  illustrates  the  use  of  structural 
clay  Ule  as  a  backing  unit  for  a  brick  wall.  Figure 
8-35  also  shows  the  use  of  header  brick  to  tie 
the  brick  tier  to  the  u!e  used  for  backing. 

MORTAR  JOINTS  FOR 
STRUCTURAL  CLAY  TILE 

,  In  general,  the  procedure  for  making  mortar 
joints  for  structural  clay  tile  is  the  same  as  for 
concrete  block. 

The  bed  joint  for  the  end*construction  is 
made  by  spreading  a  Hn.  thickness  of  mortar  on 
the  shell  of  the  bed  tile,  but  not  on  the  webs. 
The  mortar  should  be  spread  for  a  distance  of 
about  3  ft  ahead  of  the  laying  of  the  tile.  The 
position  of  the  tile  above  does  not  coincide  with 
the  position  of  the  tile  below  since  the  head 
joints  are  to  be  staggered  as  shown  in  view 
A,  fig.  8-36.  The  web  of  the  tile  above  will  not 
contact  the  web  of  the  tile  below  and  any 
mortar  placed  on  these  webs  is  useless. 


2ai48 

Figure  &35,~$truciural  clsy  tile  used  &t  a  backing 
unit. 


B.  HEAD  JOINT 


133+289 

Rguro  8-3e.-Loylng  endnsonstruction  tile. 
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The  head  joint  for  the  end-construction  is 
formed  by  spreading  plenty  of  mortar  along 
each  edge  of  the  tile,  as  shown  in  view  B,  fig. 
8-36,  and  then  pushing  the  tile  into  the  mortar 
bed  until  in  its  proper  position.  Enough  mortar 
should  be  used  to  cause  excess  mortar  to 
squeeze  out  of  the  joints.  This  excess  mortar  is 
cut  off  with  a  troweh  The  head  joint  need  not 
be  a  solid  joint  as  recommended  for  head  joints 
in  brick  masonry  unless  the  joint  is  to  be 
exposed  to  the  weather.  Gay  tile  units  are 
heavy,  which  requires  you  to  use  both  hands 
when  placing  the  tile  in  position  in  the  wall.  The 
mortar  joint  should  be  about  1/2~ul  thick, 
depending  upon  the  type  of  construction. 

The  bed  joint  for  the  side^construction  is 
made  by  spreading  the  mortar  to  a  thickness  of 
about  1  in.  for  a  distance  of  about  3  ft  ahead  of 
the  laying  of  the  tile.  A  furrow  need  not  be 
made. 

There  are  two  methods  of  laying  the  head 
joint.  In  the  fust  method,  as  much  mortar  as  will 
adhere  is  spread  on  both  edges  of  tile  as  shown 
in  view  A,  fig.  8-37.  The  tile  is  then  pushed  into 
fhe  mortar  bed  against  the  tile  already  in  place 
until  in  its  proper  position.  Excess  mortar  is  cut 
off.  In  the  second  method,  as  much  mortar  as 
will  adhere  is  placed  on  the  interior  edge  of  the 
tile  already  in  place  and  on  the  opposite  edge  of 
the  unit  being  placed.  This  is  also  shown  in  view 
B,  fig.  8*37.  The  tile  is  then  shoved  in  place  and 
the  excess  mortar  cut  off. 

The  mortar  joints  should  be  about  1/2  in. 
thick,  depending  upon  the  type  of  construction. 

EIGHT-INCH  WALL  WITH  POUR-INCH 
STRUCTURAL  CLAY  TILE  BACKING 

For  this  wall,  there  will  be  six  stretcher 
courses  between  the  header  courses*  The  backing 
tile  is  side-constructed  with  tiles  that  are  4  in. 
wide,  5  in.  high  and  12  in.  long.  The  5*in.  height 
is  equal  to  the  height  of  two  brick  courses  and  a 
1/2-in*  mortar  joint.  These  tiles  are  laid  with  a 
bed  joint  so  that  the  top  of  the  tile  will  be  level 
with  every  second  course  of  brick.  The  thickness 
of  the  bed  joint,  therefore  depends  upon  the 
thickness  of  the  bed  joint  used  for  the  brick. 

The  first  course  of  the  wall  is  temporarily 
laid  out  without  mortar  as  recommended  for 


A.  METHOD  A  FOR  MAKING  HEAD  JOINT 


8.METH00  6  FOR  MAKING  HEAD  JOINT 


13&40(133F> 
Figure  e-37.-UYing  sidfr-conttruction  tjla. 


solid  brick  walls.  This  will  establish  the  number 
of  brick  required  for  one  course. 

As  shown  in  figure  8*38,  the  first  course  of 
the  comer  lead  is  identical  to  the  first  course  of 
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THREE  QUARTER 
CLOSURES 


the  comer  lead  for  a  solid  8-in*  brick  wall  except 
that  one  brick  is  laid* 

All  the  brick  required  for  the  corner  lead  are 
laid  before  any  tile  is  placed.  The  first  course  of 
tile  and  the  completed  corner  lead  are  also 
shown  in  figure  8-38* 


FIRST  COURSE  OF  CORNER  LEAD.  HOLLOW  TtL £  SACKING 


FIRST  COURSC  OF  TILE,  HOLLOW  TILE  BACKING 


EIGHT-INCH  STRUCTURAL 
CLAY  TILE  WALL 


By  referring  to  figure  8-39,  you  can  see  how 
the  corner  lea^s  of  a  structural  clay  wall  are 
erected.  Tnis  wall  is  constructed  of 
8- by  5- by  !2-in*  tiles  (Sin.  wide,  Sin*  high, 
and  1 2  in*  long)  and  2*  by  5-  by  8-in.  soap  tiles* 
Tiles  a  and  b  are  laid  first,  then  c  and  d-  The 
level  is  checked  as  they  are  laid.  Tiles  e  and  fare 
^oid  and  there  level  checked*  Tile  b  must  be  laid 
so  that  it  projects  6  in*  from  the  inside  comer  as 
shown  to  provide  for  the  half-lap  bond*  Corner 
tiles,  such  as  b,  g,  and  h,  should  be 
end-construction  tile  in  order  to  avoid  exposure 
of  the  open  cells  at  the  face  of  the  wall*  The 
remainder  of  the  tiles  in  the  corner  are  then  laid, 
and  the  level  of  each  is  checked*  After  the  1 
comer  leads  are  erected,  the  wall  between  is  laid 
using  the  line* 


2" x  5"  SOAP 


COMPLETE  CORNER  LEAO,  HOLLOW  TILE  BACKING 
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Figure  8-38*-Comer  lead  hollow  tiie  backing* 
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Figure  8*33>-Eigfit-inch  structural  day  tile  wall* 
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JOINT  FINISHING 


The  exterior  surfaces  of  joints  are  finished  to 
make  the  masonry  more  watertight  and  to 
improve  its  appearance.  Concave  and  V-shaped 
mortar  joints  (fig.  8-40)  are  recommended  for 
walls  of  exterior  masonry  in  preference  to  struck 
or  raked  joints  that  form  small  lodges  which 
may  hold  water.  Some  joints  can  be  made  with 
the  trowel,  while  others-have  to  be  made  with  the 
jointer.  With  modular-size  masonry  uJiits,  mortar 
joints  will  be  approximately  3/8-hu  thick. 
Experience  has  shown  that  this  thickness  of 
joint  where  properly  made  helps  to  produce  a 
weathertight,  neat  and  durable  masonry  wall. 

There  is  a  process  called  POINTING  that 
may  have  to  be  done  after  jointing  has  occurred. 
Pointing  is  the  process  of  inserting  mortar  into 
horizontal  and  vertical  joints  after  the  uni;  has 
been  laid.  Basically,  pointing  is  done  *o  restore 
or  replace  deteriorated  surface  mortar  in  old 
work.  Pointing  of  this  nature  is  called  TUCK 
pointing.  However,  even  in  freshly  laid  masonry, 
pointing  may  be  necessary  for  filling  holes  or 
correcting  defective  joints. 


SAFE  HANDLING  OF 
BLOCK  AND  HOLLOW  TILE 


Block  and  tile  should  always  be  stacked  in 
tiers  on  a  solid  foundation.  Stacked  piles  should 
be  limited  to  a  height  of  6  ft  whenever  possible. 
When  block  and  tile  are  stacked  higher  than  6  ft, 
the  pile  must  be  stepped  back,  braced,  and 
propped,  or  stickers  placed  between  the  tiers  to 
prevent  the  pile  from  toppling. 

Blocks  should  not  be  dropped  or  thrown 
from  high  places  or  delivered  through  fully 
enclosed  chutes. 
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V-JOINT 
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Figure   IMQ.-Toofed  mortar  jointf  for  watertight 
ton  arete. 


walls  of  virtuaUv  unlimited  length  and  height. 
Bricks  are  kiln-baked  from  variousclay  an6  shale 
mixtures.  The  chemical  and  physical  character- 
istics of  the  ingredients  vary  considerably;  these 
and  the  kiln  temperatures  combine  to  produce 
brick  in  a  variety  of  colors  and  hardnesses*  In 
some  regions,  pit5  ?re  opened  and  found  to  yield 
day  or  shale  which,  *vhen  ground  and 
moistened,  can  be  formed  and  baked  into 
durable  brick;  in  other  regions,  clays  or  shales 
from  several  pits  must  be  mixed* 

The  dimensions  ol  a  U.  S,  'tandard  building 
brick  are  2  I /4  by  3  3/4  by  Sin.  The  actual 
dimensions  of  brick  may  vary  a  little  because  of 
shrinkage  during  burning.  Other  special  purpose 
brick  also  vary  in  size. 


BRICK  TERMINOLOGY 


BRICK  MASONRY 

Brick  masonry  is  that  type  of  construction 
in  which  units  of  baked  clay  or  shale  of  uniform 
size,  small  enough  to  be  placed  with  one  hand, 
are  laid  in  courses  with  mortar  joints  to  form 


Frequently  the  Builder  must  cut  the  brick 
into  various  shapes.  The  more  common  o*  these 
are  shown  in  figure  8-4K  They  are  called  half  or 
bat,  three-quarter  closure,  quarter  closure,  king 
closure,  queen  closure,  and  split.  They  are  used 
to  fill  in  the  spaces  at  corners  and  such  other 
places  where  a  fuli  brick  will  not  fit. 
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HALF  OR  »AT    THREE-QUARTER  CLOSURE  QUARTER  CLOSURE 


KIKC  CLOSURE        QUEEtt  CLOSURE  SPLIT 

133.28 

Figure  8-41  .-Nomenclature  of  common  *heP&$  of  cm 
brick. 


The  six  surfaces  of  a  brick  are  called  the 
face,  the  side,  the  cull,  the  end,  and  the  beds,  as 
shown  in  figure  8-42, 


BRICK  CLASSIFICATION 


A  finishea  brick  structure  contains  FACE 
brick  (brick  placed  on  the  exposed  face  of  the 
structure)  and  BACKUP  brick  (brick  placed 
behind  the  face  brick).  The  face  brick  is  often  of 
higher  quality  than  the  backup  brick;  however, 
the  entire  wall  may  be  built  of  COMMON  bnck. 


CULL 
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Figure  842,-Nanw  of  brick  surfaces. 


Common  brick  is  brick  which  is  made  from 
pit-run  clay,  with  no  attempt  at  color  control 
andLno  special  surface  treatment  like  glazing  or 
enameling.  Most  common  brick  is  red. 

Although  any  surface  brick  is  a  face  brick  as 
distinguished  from  a  backup  brie;,,  the  term  face 
brick  is  also  used  to  distinguish  high-quality 
brick  from  brick  which  is  of  common  brick 
quality  or  less.  Applying  this  criterion,  face 
brick  is  more  uniform  in  color  than  common 
brick,  and  it  may  be  obtained  in  a  variety  of 
colors  as  well.  It  may  have  a  particular  type  of 
finish  on  the  surface,  and  in  any'case  it  has  a 
better  surface  appearance  than  common  brick.  It 
may  also  be  more  durable,  as  a  result  of  the  use 
of  select  clay  and  othermaterials,  or  as  a  result 
of  special  manufacturing  methods. 

Backup  brick  may  consist  of  brick  which  is 
inferior  in  quality  even  to  common  brick.  Brick 
which  has  been  underbumed  or  overturned*  or 
brick  made  with  inferior  clay  or  by  inferior 
methods*  is  often  used  for  backup  brick. 

Still  another  type  of  classification  divides 
brick  into  grades  in  accordance  with  the 
probable  c!imat:c  conditions  to  which  it  is  to  be 
exposed,  as  follows: 

GRADE  SW  is  designed  to  withstand 
exposure  to  befow-freezing  temperatures  in 
moist  climate  like  that  of  the  northern  regions 
of  the  United  States, 

GRADE  MW  is  designed  to  withstand 
exposure  to  below  freezing  temperatures  in  a 
drier  climate  than  that  mentioned  in  the 
previous  paragraph. 

GRADE  NW  is  primarily  intended  for 
interior  or  backup  brick.  However,  it  may  be 
used  exposed  in  regions  where  no  frost  action 
occurs  or  tn  regions  where  frost  action  occurs, 
but  the  annual  rainfall  is  less  than  IS  inches. 


TYPES  OF  BRICKS 


There  are  many  types  of  brick.  Some  are 
different  in  formation  and  composition  while 
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others  vary  according  to  their  use.  Some 
commonly  used  types  ^f  brick  are: 

BUILDING  brick,  formerly  called  common 
brick,  is  made  of  ordinary  clays  or  shales  and 
burned  in  the  usual  manner  in  the  kilns.  These 
bricks  do  not  have  special  scorings  or  markings 
and  are  not  produced  in  any  special  color  or 
surface  texture.  Building  brick  is  also  known  as 
hard  and  kiln  run  brick.  It  is  used  generally  for 
the  backing  courses  in  solid  or  cavity  brick  walls. 
The  harder  and  more  durable  kinds  are  preferred 
for  this  purpose. 

FACE  brick  are  used  in  the  exposed  face  of 
a  wall  and  are  higher  quality  units  than  backup 
b  nc  k .  They  have  bettet  durability  and 
appearance.  The  most  common  colors  of  face 
brick  are  various  shades  of  fcrown,  red,  gray, 
yellow,  and  white. 

A  dry  process  js  used  to  make  PRESS  bnck 
which  has  regular  smooth  faces,  sharp  edges,  and 
perfectly  square  comers.  PRESS  bnck  is 
ordinarily  used  as  *acc  brick. 

Bricks  tlizt  ait  overturned  in  the  kilns  are 
called  CLINKER  brick.  They  arc  usually  hard 
and  durable,  may  be  in-egular  in  shape,  and  can 
be  u^ed  in  the  same  manner  as  building  brick, 

GLAZED  brick  has  one  surface  of  each  brick 
glazed  in  white  or  other  cojor.  The  ceramic 
glazing  consists  of  mineral  ingredients  which 
fY'se  together  in  a  glass-like  coating  during 
burning.  This  type  of  brick  is  particularly  suited 
for  walls  or  partitions  in  hospitals,  dairies, 
laboratories,  or  other  buildings  where  cleanliness 
and  case  of  cleaning  is  necessary. 

FIREBRICK  is  made  ota  special  type  of  fire 
clay  whicft  will  withstand  the  high  temperatures 
of  fireplaces,  boilers  and  similar  usage  without 
cracking  or  decomposing.  FIREBRICK  is 
generally  larger  than  regular  structural  brick  and 
often  it  is  hand  molded. 

CORED  bricks  are  bricks  made  with  two 
rows  of  five  holes  extending  through  their  beds 
to  reduce  weight,  There  is  no  significant 
difference  between  the  strength  of  walls 
constructed  with  cored  brick  and  those 
constructed  with  solid  brick.  Resistance  to 
moisture  penetration  is  about  the  same  for  both 


types  of  wails.  The  most  easily  available  brick 
that  will  meet  requirements  should  be  used 
whether  the  brick  is  cored  or  solid. 

SAND  LIME  bricks  are  made  from  a  lean 
mixture  of  slaked  lime  and  fine  silicious  sand 
molded  under  mechanical  pressure  and  hardened 
under  steam  pressure. 

MORTAR  FOR  BRICK  MASONRY 

Mortar  is  used  to  bond  the  brick  together 
and  unless  properly  mixed  and  applied  will  be 
the  weakest  part  of  brick  masonry*  Both  the 
strength  and  resistance  to  rain  penetration  of 
brick  masonry  wall&  are  dependent  to  a  great 
degree  on  the  strength  of  the  bond.  Water  in  the 
mortar  is  essential  to  the  development  of  bond 
and  if  the  mortar  contains  insufficient  water  the 
bond  will  be  weak  and  spotty.  When  brick  walls 
leak  ii  is  usually  through  the  mortar  joints. 
Irregularities  in  dimensions  and  shape  of  bricks 
are  corrected  by  the  mortar  joint. 

Mortar, should  be  plastic  enough  to  work 
with  a  trowel.  The  properties  of  mortar  depend 
largely  upon  the  type  of  sand  used  in  it*  Clean, 
sharp  sand  produces  excellent  mortar.  Too  much 
sand  in  mortar  will  cause  it  to  segregate,  drop 
off  th  $  trowel*  and  weather  poorly. 

The  selection  of  mortar  for  brick 
construction  depends  on  tne  use  requirements  of 
the  structure.  For  example,  the  recommended 
mortar  for  use  in  laying  up  interior 
n  o  nl  oad-bearing  partitions  would  not  be 
satisfactory  for  foundation  walls.  In  many  cases, 
the  Builder  relies  upon  a  fixed  proportion  of 
cement,  lime  and  sand  to  provide  a  satisfactory 
mortar.  The  following  types  of  mortar  are 
proportioned  on  a  volume  basis: 

TYPE  M  is  1  part  portland  cement,  1/4  part 
hydratcdlime  or  lime  putty,  and  3  parts  sand;  or 
1  part  Portland  cement,  I  part  type  II  masonry 
cement,  and  6  parts  sand,  This  mortar  is  suitable 
for  general  use  and  is  recommended  specifically 
for  masonry  below  grade  and  in  contact  with 
earth,  such  as  foundations,  retaining  walls,  and 
walks. 
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TYPE  S  is  I  part  Portland  cement,  1/2  part 
hydrated  lime  or  !jme  putty,  and  4  1/2  parts 
sand,  or  1/2  part  portland  cemefft,  I  part  type  II 
masonry  cement  and  4  1/2  parts  sand.  This 
mortar  is  also  suitable  for  general  use  and  is 
recommended  where  high  resistance  to  lateral 
forces  is  required 

TYPE  N  is  1  part  portland  cement.  1  part 
hy<|rated  lime  or  lime  putty,  and  6  parts  sand;  or 
?  patt  type  II  masonry  cement  and  3  parts  sand. 
This  mortar  is  suitable  for  general  use  in  exposed 
masonry  above  grade  and  is  recommended 
specifically  for  exterior  walls  subjected  to  severe 
exposures. 

TYPE  0  is  1  part  Portland  cement,  2  parts 
hydrated  lime  or  lime  putty,  and  9  parts  sand;  or 
1  part  type  I  or  type  II  masonry  cement  and  3 
parts  sand.  This  mortar  is  recommended  for 
load-bearing  walls  of  solid  units  where  the 
compressive  stresses  do  not  exceed  100  lb  per 
in.  and  the  masonry  will  not  be  subjected  to 
freezing  and  thawing  in  the  presence  of  excessive 
moisture. 


RESISTANCE  TO  WEATHERING 


The  resistance  of  masonry  walls  to 
weathering  depends  almost  entirely  upon  their 
resistance  to  water  penetration  because  freezing 
and  thawing  action  is  virtually  the  only  type  of 
weathering  that  affects  bnck  masonry.  With  the 
best  workmanship,  U  :s  possible  to  build  bnck 
walls  that  will  resist  the  penetration  of  rain 
water  during  a  storm  lasting  as  long  as  24  hrs 
accompanied  by  a  50-  to  60-rmle-per-hr  wind.  In 
most  construction,  it  is  unreasonable  to  expect 
the  type  of  workmanship  required  tu  buijd  a 
wail  that  will  allow  no  water  penetration.  It  is 
advisable  to  provide  some  means  of  taking  care 
of  moisture  after  it  has  penetrated  the  brick 
masonry.  Properly  designed  flashing  and  cavity 
walls  are  two  ways  of  handling  moisture  that  has 
entered  the  wall. 

Important  factors  in  preventing  the  entrance 
of  water  are  tooled  mortar  joints  and  caulkv.ig 
around  windows  and  door  frames. 


The  joints  between  the  brick  must  be  solidly 
filled*  especially  in  the  face  tier.  Slushing  or 
grouting  the  joints  after  the  brick  has  been  laid 
does  not  completely  fill  the  joint.  The  mortar 
joint  should  be  tooled  to  a  concave  surface 
before  the  irortar  has  had  a  chance  to  set  up.  In 
tooling,  sufficient  force  should  be  used  to  press 
the  mortar  tight  against  the  brick  on  both  sides 
of  the  mortar  joint. 

Mortar  joints  that  are  tightly  bonded  to  the 
brick  have  been  shown  to  have  greater  resistance 
to  moisture  penetration  than  joints  that  are  not. 


GENERAL  CHARACTERISTICS 
OF  BRICK  MASONRY 


Solid  brick  masonry  walls  provide  very  little 
insulation  against  heat  and  cold.  A  cavity  wall  or 
a  bnck  wall  backed  with  hollow  clay  tile  has 
much  better  insulating  value. 

Because  bnck  walls  are  exceptionally 
massive,  they  have  good  sound-insulating 
properties.  In  general*  the  heavier  the  wall,  the 
better  will  be  its  sound-insulating  value; 
however,  there  is  no  appreciable  increase  in 
sound  insulation  by  a  wall  more  than  1 2  in, 
thick  as  compared  to  a  wall  between  10  and 
12  m.  thick.  The  expense  involved  in 
constructing  a  thicker  wall  merely  to  take 
advantage  of  the  slight  increase  is  too  excessive 
to  be  worthwhile,  Dividing  the  wall  into  two  or 
more  layers,  as  in  the  case  of  a  cavity  wall,  will 
increase  its  resistance  to  the  transmission  of 
sound  from  one  side  of  the  wall  to  the  other. 
Brick  walls  are  poor  absorbers  of  sound 
originating  within  the  walls  and  reflect  much  of 
it  back  into  the  structure  Sounds  caused  by 
impact*  as  when  the  wall  is  struck  with  a 
hammer,  will  travel  a  great  distance  along  the 
wall. 

Brick  masonry  expands  and  contracts  with 
temperature  change,  Walls  up  to  a  length  of 
200  ft  do  not  need  expansion  joints.  Longer 
walls  need  an  expansion  joint  for  every  200  fi  of 
vvatK  T*ie  joint  can  be  made  as  shoun  in  figure 
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8-43.  A  considerable  amount  of  the  expansion 
and  contraction  is  taken  up  in  the  wall  itself. 
For  this  reason,  the  amount  of  movement  that 
theoretically  lakes  place  does  not  actually  occur. 

The  resistance  of  brick  to  abrasion  depends 
largely  upon  its  compressive  strength,  related  to 
the  degree  of  burning.  Well-burned  brick  have 
excellent  wearing  qualities. 

The  weight  of  brick  varies  from  100  to 
1501b  per  cu  ft  depending  upon  the  nature  of 
the  materials  used  in  making  the  bnck  and  the 
degree  of  burning.  Well-burned  brick  are  heavier 
than  underbumed  brick. 

BRICKLAYING  METHODS 

Good  bricklaying  procedure  depends  on 
good  workmanship  and  efficiency.  Means  of 
obtaining  food  workmanship  ;ire  treated  below- 
Efficiency  involves  doing  he  work  with  the 
fewest  possible  motions.  The  Builder  should 
study  the  operations  to  determine  those  motions 
that  are  unnecessary.  Each  motion  should  have  a 
purpose  and  should  accomplish  a  definite  result 
After  learning  the  fundamentals,  every  Builder 
should  develop  methods  for  achieving  maximum 
efficiency,  The  work  must  be  arranged  in  si*ch  a 
way  that  the  Builder  is  continually  supplied  with 
brick  and  mortar.  The  scaffolding  required  must 
be  planned  before  the  work  begins,  it  must  be 
built  in  such  &  way  as  to  cause  the  lec5t 
interference  with  other  crewMembers. 

Bricks  should  never  be  piled  dirrctly  on 
uneven  or  soft  ground;  ti^y  should  always  be 
stacked  on  pianks.  Do  net  store  bricks  on 
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scaffolds  or  runways.  This  does  not  prohibit 
putting  the  normal  supplies  on  scaffolding 
during  actual  bricklaying  operations. 

Except  where  stacked  in  sheds,  bncK  piIe5B 
should  never  be  more  than  1  ft  high.  When  a  pile 
of  brick  reaches  a  height  of  4  ft,  it  must  be 
tapered  back  I  in.  in  every  foot  of  height  above 
the  4  ft  level.  The  tops  of  brick  piles  must  be 
kept  level;  and  the  taper  maintained  during 
unpiling  operations. 

Masonry  Terms 

Specific  terms  are  used  to  describe  the 
various  positions  of  masonry4  units  and  mortar 
joints  in  a  wall  (fig.  8-44): 

COURSE.  One  of  the  continuous  horizontal 
layers  (or  rowsJ  of  masonry  which,  bonded 
together  form  the  masonry  structure. 

STRETCHER.  A  masonry  unit  la.o  fiat  with 
its  longest  dimension  parallel  to  the  face  cf  the 
wall. 

HEADER.  A  masonry  unit  laid  fiat  wUh  its 
longest  dimension  perpe^dkular  to  the  face  of 
the  wall.  It  ;s  generally  u^ed  to  ue  two  wythes  of 
masonry  toge titer. 

ROWLOCK,  A  brick  laid  on  iu  edge  Uace), 

BULL-STRETCHER.  A  rowlock  brick  laid 
\v*th  its  longest  dimension  pa^ilel  to  the  face  of 
**ie  wall. 

BULL-HEADER.  A  rowlock  brick  laid  with 
its  longest  dimension  perpendicular  to  the  face 
of  the  wail. 

SOLDIER.  A  brick  laid  on  its  en4  so  that  its 
longest  dimension  is  parallel  to  the  verticzl  2x\s 
of  the  face  of  the 

Type*  of  Bonds 

Trie  word  bond*  wlien  used  in  reference  to 
masonry,  may  have  thne  different  merirdngs" 

STRUCTURAL  BOND  is  the  method  by 
which  individual  masonry  units  are  interlocked 
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Figure  8*44.— Masonry  units  and  mortar  joint*. 


or  tied  together  to  cause  the  entire  assembly  to 
act  as  a  single  structural  unit.  Structural  bonding 
of  brick  and  tile  walls  may  be  accomplished  in 
three  ways.  First,  by  overlapping  (interlocking) 
the  masonry  units,  second  by  the  use  of  metal 
ties  imbedded  in  connecting  joints,  and  third 
by  the  adhesion  of  grout  to  adjacent  wyihes  of 
masonry, 

MORTAR  BOND  is  the  adhesion  of  the  joint 
mortar  to  the  masonry  units  or  to  the 
reinforcing  steel* 

PATTERN  BOND  is  the  pattern  formed  by 
the  masonry  units  and  the  mortar  joints  on  the 
face  of  a  wall.  The  pattern  may  result  from  the 
type  of  structural  bond  used  or  may  be  purely  a 
decorative  one  in  no  way  related  to  the 
structural  bond.  There  are  five  basic  pattern 
bonds  in  common  use  today  as  shown  in  figure 


8-45.  Running  bond,  common  bondi  stack 
bond,  Flemish  bond,  and  English  bond, 

RUNNING  BOND  is  the  simplest  of  the 
basic  pattern  bonds,  the  running  bond  consists 
of  all  stretchers.  Since  there  are  no  headers  us°d 
in  this  bond,  metal  ties  are  usually  used. 
Running  bond  is  used  largely  in  cavity  wall 
construction  and  veneered  walls  of  brick  and 
often  in  facing  tile  walls  where  the  bonding  may 
be  accomplished  by  extra  width  stretcher  tile 

COMMON  OR  AMERICAN  BOND  is  a 
variation  of  running  bond  with  a  course  of  full 
length  headers  at  regular  intervals.  These  headers 
provide  structural  bonding  as  well  as  pattern. 
Header  courses  usually  appear  at  every  fifth, 
sixth,  or  seventh  course  depending  on  the 
structural  bonding  requirements.  In  laying  out 
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Figure  8-45-— Some  types  of  brick  masonry  bond. 
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any  bond  pattern  it  is  very  important  that  the 
corners  by  started  correctly*  For  common  bond, 
a  three-quarter  brick  must  start  each  header 
course  at  the  corner.  Common  bond  may  be 
varied  by  using  a  Flemish  header  course. 

STACK  BOND  is  purely  a  pattern  bond. 
There  is  no  overlapping  of  the  units,  all  vertical 
joints  being  alined.  Usually  this  pattern  is 
bonded  to  the  backing  with  rigid  steel  ties,  but 
when  8  in.  thick  stretcher  units  are  available, 
they  may  be  used.  In  large  wall  areas  and  in 
load-bearing  construction  it  is  advisable  to 
reinforce  the  wall  with  steel  pencil  rods  placed 
in  the  horizontal  mortar  joints.  The  vertical 
alinement  requires  dimensionally  accurate  units, 
or  carefully  prematched  units,  for  each  vertical 
joint  alinement.  Variety  in  pattern  may  be 


achieved  by  numerous  combinations  and 
modifications  of  the  basic  patterns  shown* 

FLEMISH  BOND  is  made  up  of  alternate 
stretchers  and  headers,  with  the  headers  in 
alternate  courses  centered  over  the  stretchers  in 
the  intervening  courses.  Where  the  headers  are 
not  used  for  the  structural  bonding,  they  may  be 
obtained  by  using  half  brick,  called 
blind-headers.  There  are  two  methods  used  in 
starting  the  corners.  Figure  8-45  shows  the  so 
called  FLEMISH  comer  in  which  a  three-quarter 
brick  is  used  to  start  each  course  and  the 
"English"  corner  in  which  2  in.  or  quarter-brick 
closures  must  be  used. 

ENGLISH  BOND  h  composed  of  alternate 
courses  of  headers  and  stretchers.  The  headers 
are  centered  on   the  stretchers  and  joints 
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between  stretchers.  The  vertical  (head)  joints 
between  stretchers  in  all  courses  line  up 
vertically.  Blind  headers  are  used  in  courses 
which  are  not  structural  bonding  courses.  The 
English  cross  bond  is  a  variation  of  English  bond 
and  differs  only  in  that  vertical  joints  between 
the  stretchers  in  alternate  courses  do  not  line  up 
vertically.  These  joints  center  on  the  stretchers 
themselves  in  the  courses  above  and  below. 

Metal  Ties 

Metal  ties  can  be  used  to  tie  the  brick  on  the 
outside  face  of  the  wall  to  the  backing  courses. 
These  are  used  when  no  header  courses  are 
installed.  They  are  not  as  satisfactory  as  header 
courses.  Typical  metal  ties  are  shown  in  figure 
8-46. 

Flashing 


to 


Flashing  is  installed  in  masonry  construction 
divert  moisture,  which  may  enter  the 


masonry  at  vulnerable  spots,  to  the  outside. 
Flashing  should  be  provided  under  horizontal 
masonry  surfaces,  such  as  sills  and  copings,  at 
intersections  of  masonry  walls  with  horizontal 
surfaces,  such  as  roof  and  parapet  or  roof  and 
chimney,  over  heads  of  openings,  such  as  doors 
and  windows,  and  frequently  at  floor  lines, 
depending  upon  the  type  of  construction.  To  be 
most  effective,  the  flashing  should  extend 
through  the  outer  face  of  the  wall  and  be  turned 
down  to  form  a  drop.  Weep  holes  should  be 
provided  at  intervals  of  18  in-  to  2  ft  to  permit 
the  water  which  accumulates  on  the  flashing  to 
drain  to  the  outside.  If,  because  of  appearance, 
it  is  necessary  to  stop  the  flashing  back  of  the 
face  of  the  wall,  weep  holes  are  even  more 
important  than  when  the  flashing  extends 
through  the  wall.  Concealed  flashings  with 
tooled  mortar  joints  frequently  will  retain  water 
in  the  wall  for  long  periods  and,  by 
concentrating  moisture  at  one  spot,  may  do 
more  harm  than  good. 


Mortar  Joints  and  Pointing 


The  trowel  should  be  held  in  a  firm  position. 
(See  fig.  847,)  The  thumb  should  rest  on  top  of 
the  handle  and  should  not  encircle  it,  A 
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Figure  8-46,-Metsl  tie*. 


Figure  8-47,-0ne  way  to  hotd  a  trowel. 
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Figure  8*48-~ProP*r  way  to  pick  up  mortar. 


right-handed  Builder  picks  up  mortar  with  the 
left  edge  of  the  trowel  from  the  outside  of  the 
pile  (fig-  8-48)-  The  amount  of  mortar  picked  up 
is  spread  on  as  many  zi  five  bricks,  depending  on 
the  wall  space  and  the  Builder's  skill.  A  pickup 
for  one  brick  forms  a  small  windrow  along  the 
left  edge  of  the  trowel.  A  pickup  for  five  bricks 
is  a  full  load  for  a  large  trowel  (See  fig. 
8*49-) 
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Figure  8-50- -Mortar  thrown  on  brick- 


Builder  tilts  the  trowel  slightly  and  moves  it  to 
the  right,  dropping  a  windrow  of  mortar  along 
the  wall  until  the  trowel  is  empty  as  shown  in 
figures  8-50  and  8-5  L  In  some  instances  mortar 
will  be  left  on  the  trowel  when  the  spreading  of 
mortar  on  the  course  below  has  been  completed. 
When  this  occurs  the  remaining  mortar  is 
returned  to  the  board.  A  right-handed  Builder 
works  from  left  to  right  along  the  wall. 


Holding  the  trowel  with  its  left  edge  directly 
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Figure  *W&-Trow«l  *uif  of  mortar.  brick. 
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Figure  8-52,-Bad  joint  and  furrow* 


Mortar  projecting  beyond  the  wall  line  is  cut 
off  with  the  trowel  edge  (step  I,  fig.  8-52)  and 
thrown  back  on  the  mortar  board,  but  enough  is 
retained  to  "butter"  the  left  end  of  the  first 
brick  to  be  laid  in  the  fresh  mortar. 

With  the  mortar  spread  about  i  in.  thick  for 
the  bed  joint,  as  shown  in  step  1,  fig.  8-52,  a 
shallow  furrow  is  made  (step  2,  fig,  8-52)  and 
the  brick  pushed  into  the  mortar  (step  3,  fig, 
8-52).  If  the  furrow  is  too  deep,  there  will  be  a 
gap  left  between  the  mortar  and  the  brick 
bedded  in  the  mortar.  This  gap  will  reduce  the 
resistance  of  the  wall  to  water  penetration.  The 
mortar  for  a  bed  joint  should  not  be  spread  out 
too  far  in  advance  of  the  laying.  A  distance  of  4 
or  5  bricks  is  advisable.  Mortar  that  has  been 
spread  out  too  far  will  dry  out  before  the  brick 
is  bedded  in  it.  This  results  in  a  poor  bond  as  can 
be  seen  in  figure  8*53.  The  mortar  must  be  soft 
and  plastic  so  that  the  brick  can  be  easily 
bedded  in  it. 

The  next  step  after  the  bed  joint  mortar  has 
jbeen  spread  is  the  laying  of  the  brick.  The  brick 
to  be  laid  is  picked  up  as  shown  in  figure  8-54 
with  the  thumb  on  one  side  of  the  brick  and  the 
fingers  on  the  other.  As  much  mortar  as  will 
stick  is  placed  on  the  end  of  the  brick.  The  brick 
should  then  be  pushed  into  place  so  that  excess 
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mortar  squeezes  out  at  the  head  joint  and  at  the 
sides  of  the  wall  as  indicated  in  figure  8-55.  The 
head  joint  must  be  completely  filled  with 
mortar.  This  can  only  be  done  by  placing  plenty 
of  mortar  on  the  end  of  the  brick.  After  the 
brick  is  bedded,  the  excess  mortar  is  cut  off  and 
used  for  the  next  end  joint  Surplus  mortar 
should  be  thrown  to  the  back  of  the  mortar 
board  for  retempering  (the  process  of  remixing) 
if  necessary.  The  proper  position  of  the  brick  is 
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Figure  tHCT.-Making  cross  jolnti  In  header  oourtes. 


determined  by  the  use  of  a  line  which  can  be 
seen  in  figure  8-55, 

The  method  of  inserting  a  brick  in  a  space 
left  in  a  wall  is  shown  in  figure  8-56.  A  thick  bed 
of  mortar  is  spread  (step  1,  fig.  8-56)  and  the 
brick  shoved  into  this  deep  bed  of  mortar  (step 
2,  fig,  8-56)  until  it  squeezes  out  at  the  top  of 
the  joint  at  the  face  tier,  and  at  the  header  joint 
(step  3>  fig,  8-56)  so  that  the  joints  are  full  of 
mortar  at  every  point. 

The  position  of  a  cross  joint  is  illustrated  in 
figure  8-57,  These  joints  must  be  completely 
filled  with  mortar.  The  mortar  for  the  bed  joint 
should  be  spread  several  brick  widths  in  advance. 
The  mortar  is  spread  over  the  entire  side  of  the 
header  brick  before  it  is  placed  in  the  wall  (step 
1,  fig,  8-57),  The  trick  is  then  shoved  into  place 
so  that  the  mortar  is  forced  out  at  the  top  of  the 
joint  and  the  excess  mortar  cut  off,  as  shown  in 
step  2,  fig.  8-57. 

Figure  8-58  shows  the  method  of  laying  a 
closure  brick  in  a  header  course-  Before  laying 
the  closure  brick,  plenty  of  mortar  should  be 
placed  on  the  sides  of  the  brick  already  in  place 
(step  1,  fig-  8-58).  Mortar  should  also  be  spread 
on  both  sides  of  the  closure  brick  to  a  thickness 
of  about  1  inch  (step  2,  fig,  8-58).  The  closure 
brick  should  then  be  laid  in  position  without 
disturbing  the  brick  already  in  place  (step  3,  fig. 
3-58). 

Before  laying  a  closure  brick  for  a  stretcher 
course,  the  ends  of  the  brick  on  each  side  of  the 
opening  to  be  filled  with  the  closure  brick 
should  be  well  covered  with  mortar  (step  1>  fig, 
8-59).  Plenty  of  mortar  should  then  be  thrown 
on  both  ends  of  the  closure  brick  (step  2,  fig. 
8-59)  and  the  brick, laid  without  disturbing  those 
already  in  place  (step  3,  fig,  8-59),  If  any  of  the 
adjacent  brick  are  disturbed  they  must  be 
removed  and  relaid.  Otherwise,  cracks  will  form 
between  the  brick  and  mortar,  allowing  moisture 
into  the  wall. 

There  is  no  hard  and  fast  rule  regarding  the 
thickness  of  the  mortar  joint.  Brick  that  are 
irregular  in  shape  may  require  mortar  joints  up 
to  1/2'in,  thick.  All  brick  irregularities  are  taken 
up  in  the  mortar  joint.  Mortar  joints  i/4in, 
thick  are  the  strongest  and  should  be  used  when 
the  bricks  are  regular  enough  to  permit  it. 

Siushed  joints  are  made  by  depositing  the 
mortar  on  the  head  joints  in  order  that  the 
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Figure  8*58.-Makfng  closure  joint*  in  header  courier,  133.302 

Figure  B*59,-M&Mng  closure  joints  In  stretcher  courses. 
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mortar  will  run  down  between  the  brick  to  form 
a  solid  joint,  THIS  SHOULD  NOT  BE  DONE 
Even  when  the  space  between  the  brick  is 
completely  fitted,  there  is  no  way  to  compact 
the  mortar  against  the  faces  of  the  brick  and  A 
POOR  BOND  WILL  RESULT, 

Filling  exposed  joints  with  mortar 
immediately  after  the  wall  has  been  laid  is  called 
POINTING,  Pointing  is  frequently  necessary  to 
fill  holes  and  correct  defective  mortar  joints. 
The  pointing  trowel  is  used  for  this  purpose, 
(See  fig,  8-K) 

Cutting  Brick 

If  a  brick  is  to  be  cut  to  exact  line,  the  brick 
chisel  should  be  used.  When  using  these  tools, 
the  straight  side  of  the  cutting  edge  should  face 
the  part  of  the  brick  to  be  saved  and  also  face 
the  Builder,  One  blow  of  the  hammer  on  the 
brick  set  should  be  enough  to  break  the  brick. 
Extremely  hard  brick  will  need  to  be  cut 
roughly  with  the  head  of  the  hammer  in  such  a 
way  that  there  is  enough  brick  left  to  be  cut 
accurately  with  the  brick  chisel,  (See  fig.  S-60,) 

For  normal  cutting  work,  such  as  is  required 
for  making  the  closures  and  bats  required 
around  openings  in  walls  and  for  the  completion 
of  comers,  the  brick  hammer  should  be  used. 
The  first  step  is  to  cut  a  line  all  the  way  around 
the  brick  with  light  blows  of  the  hammer  head 
(fig.  8-61),  When  the  line  is  complete,  a  sharp 
blow  to  one  side  of  the  cutting  line  will  split  the 
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Figur*  S-GQ.-Cutting  brlc^  with  a  brick  chisel. 
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Figiw  8-61,-Cutting  brfck  with  a  hamiror. 


brick  at  the  cutting  line.  Rough  places  are 
trimmed  using  the  Jade  of  the  hammer,  as 
shown  in  figure  8-61,  The  brick  can  be  heid  in 
the  hand  while  be'ng  cut. 

Joint  Finishes 

Exterior  surfaces  of  mortar  joints  are 
finished  to  make  the  brickwork  more 
waterproof  and  to  improve  the  appearance. 
There  are  several  types  of  joint  finishes,  as 
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shown  in  figure  8-62*  The  more  important  of 
these  are  discussed  below.  When  joints  are  cut 
flush  with  the  brick  and  not  finished,  cracks  are 
immediately  apparent  between  the  brick  anc!  the 
mortar.  Although  these  cracks  are  not  deep* 
they  are  undesirable  and  can  be  eliminated  by 
finishing  or  tooling  the  joint  In  every  case,  the 
mortar  joint  should  be  finished  before  the 
mortar  has  hardened  to  any  appreciable  extent. 
The  jointing  tool  is  shown  in  figure  8-1, 

The  best  joint  from  the  standpoint  of 
weathertightness  is  the  CONCAVE  joint  This 
joint  is  made  with  a  special  tool  after  the  excess 
mortar  has  been  removed  with  the  trowel.  The 
tool  should  be  slightly  larger  than  the  joint. 
Force  is  used  to  press  the  mortar  light  against 
the  brick  on  both  sides  of  the  mortar  joint 

The  FLUSH  joint  (fig.  8-62)  is  made  by 
keeping  the  trowel  almost  parallel  to  the  face  of 
the  wall  while  drawing  the  point  of  the  trowel 
along  the  joint. 

A  WEATHER  joint  sheds  water  more  easily 
from  the  surface  of  the  wall  and  is  formed  by 
pushing  downward  on  the  mortar  with  the  top 
edge  of  the  trowel, 

STRUCK,  RAKED,  AND  BEAD  joints  an? 
used  mainly  for  interior  decorative  work  where 
water  tightness  is  not  a  factor 

BRICK  CONSTRUCTION 

An  attractive  brick  construction  depends 
upon  the  interpretation  of  the  pUns  and  the 


abilities  of  the  Strikers  and  Builders,  Whether 
building  an  eight  or  twelve-in.  wall  they  must  be 
able  to  work  together  and  cany  out  their  duties 
properly. 

Striker's  Duties 

The  Striker  mixes  mortar*  carries  brick  and 
mortar  to  the  Builder  laying  brick,  and  keeps  the 
Builder  supplied  with  these  materials  at  all 
times.  The  Striker  fills  the  mortar  board  and 
places  it  in  a  position  convenient  for  the  Builder 
laying  brick.  The  Striker  assists  in  the  laying  out 
and,  at  times,  surh  as  during  rapid  backup 
bricklaying,  the  Striker  may  lay  out  brick  in  a 
tine  on  an  adjacent  course  so  that  the  Builder 
needs  to  move  each  brick  only  a  few  inches  in 
laying  backup  work. 

Wet;ing  brick  is  alto  the  duty  of  the  Striker, 
This  is  done  when  bricks  are  laid  in  warm 
weather.  There  are  four  reasons  for  wetting 
brick  just  before  they  are  laid: 

There  will  be  a  better  bond  between  the 
brick  and  the  mortar. 

The  water  will  wash  Just  and  dirt  from  the 
surface  of  the  brick*  Murtar  adheres  better  to  a 
clean  brick* 

If  thf*  surface  of  the  brick  is  wet,  the  mortar 
spreads  more  evenly  under  it. 

A  dry  brick  may  absorb  water  from  the 
mortar  rapidly.  This  is  particularly  bad  when 
mortar  containing  portland  cement  is  used.  In 
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order  for  cement  to  harden  properly,  sufficient 
moisture  must  be  present  to  complete  the 
hydration  of  the  cement,  If  the  brick  robs  the 
mortar  of  too  much  water,  there  will  not  be 
enough  left  to  hydrate  tne  cement  properly. 

Builder's  Duties 

The  Builder  (Joes  the  actual  laying  of  the 
brick,  It  is  the  Builder's  responsibility  to  lay  out 
the  job  so  that  the  finished  masonry  will  be 
properly  done,  In  construction  involving  walls, 
the  Builder  must  see  that  the  walls  are  plumb 
and  the  courses  leve!, 


Footings 

A  footing  is  required  under  a  wall  when  the 
bearing  capacity  of  the  supporting  soil  is  not 
sufficient  to  withstand  the  wall  load  without  a 
further  means  of  redistribution,  The  footing 
must  be  wider  than  the  thickness  of  the  wall,  as 
illustrated  in  figure  8-63.  The  required  footing 
width  and  thickness  for  walls  of  considerable 
height  or  for  walls  that  are  to  carry  a  heavy  ioad 
should  be  determined  by  a  qualified  Builder. 
Every  footing  should  be  below  the  frost  line  in 
order  to  prevent  heaving  and  settlement  of  the 
foundation,  For  the  usual  one-story  building 
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with  an  S-in.-thick  wall,  a  footing  16  in.  wide 
and  approximately  8  in.  thick  is  usually  enough. 
Although  brickwork  footings  are  satisfactory, 
footings  are  normally  concrete,  leveled  on  top  to 
receive  the  brick  or  stone  foundation  wall.  As 
soon  as  the  subgrade  is  prepared,  the  Builder 
should  place  a  bed  of  mortar  about  1  in.  thick 
on  the  subgrade  to  take  up  all  irregularities.  The 
first  course  of  the  foundation  is  laid  on  this  bed 
of  mortar.  The  other  courses  are  then  laid  on 
this  first  course. 

A  column  footing  for  a  12- by  16-in.  brick 
column  is  shown  in  figure  8-64.  The 
construction  method  for  this  footing  is  the  same 
as  for  the  wall  footing. 

EtghMnch  Common 
Bond  Brick  Wall 

For  a  wall  of  given  length*  the  Builder  makes 
a  slight  adjustment  in  the  width  of  head  joints  so 
that  some  number  of  brick,  0r  some  number 
including  one-half  brick,  will  just  make  up  the 
length.  The  Builder  first  lays  the  brick  On  the 
foundation  without  mortar  as  shown  in  figure 
8*65.  The  distance  between  the  bricks  is  equal  to 


first  course  of 
column 


three  Quarter  closures 
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Figure  8-64<-Column  footing. 
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Figure  8 -^-Determination  of  vertical  brick  joints  and 
number  of  bricks  in  one  course. 

the  thickness  of  the  head  mortar  joints.  Tables 
8-4,  8*5,  and  8*6  give  the  number  of  courses  and 
horizontal  joints  required  for  a  given  wall  height. 

The  corners  are  erected  first-  This  is  called 
'laying  of  leads."  The  Builder  will  use  these 
leads  as  a  guide  in  laying  the  remainder  of  the 
wall. 

The  first  step  in  laying  a  corner  lead  is 
shown  in  first  step,  figure  8-66*  Two 
three-quarter  closure  bricks  are  cut  and  a 
HnctWhick  mortar  bed  is  laid  on  the 
foundation*  Three-quarter  closure  brick  a  (in  til? 
second  step  of  figure  8-66)  is  pressed  down  into 
the  mortax  bed  until  the  bed  joint  becomes 
1/2  in.  thick.  Next,  mortar  is  placed  on  the  end 
of  three-quarter  closure  brick  b  and  a  head  joint 
is  formed  as  described  previously.  The  head  joint 
between  the  two  three-quarter  closures  should 
be  1/2  in.  thick  also.  Excess  mortar  that  has 
been  squeezed  out  of  the  joints  is  cut  off.  The 
level  of  the  two  three-quarter  closures  should 
now  be  checked  by  means  of  the  mason's  level 
placed  in  the  positions  indicated  by  ths  heavy 
dashed  lines  in  the  second  ate?),  fig.  8-66.  The 
edges  of  both  must  be  even  with  the  outside  face 
of  the  foundation,  Next,  mortar  is  spread  on  the 
side  of  brick  c  and  it  is  laid  as  shown  in  the  third 
step,  fig.  8-66.  Its  ievel  is  checked  u*ing  the 
mascn*s  levd  in  the  position  gfren  in  the  third 
step,  fig.  8-66.  Its  end  must  also  be  even  with 
the  outside  face  of  the  foundation.  Brick  d  is 
laid  and  its  level  and  position  checked.  When 
brick  d  is  in  the  proper  position,  the  quarter 
closures  e  and  f  should  be  cut  and  placed 
according  to  the  recommended  procedures  for 
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Ffeur*  8*66,— FfrK  course  of  corner  fesd  for  8-inch  common  bond  Mck  wsll. 


laying  closure  bnck.  Ait  excess  mortar  should  be 
removed  and  the  tops  of  these  quarter  closures 
checked  to  see  that  they  are  at  the  same  level  as 
the  tops  of  surrounding  brick. 

Brick  g  (fourth  step,  fig,  8*66)  is  no^ .  shoved 
unto  position  after  mortar  has  been  spread  on  :ts 


face.  Excess  morfir  should  be  removed.  Bricks 
h,  i,  j,  and  k  arc  laid  in  the  same  manner.  The 
level  of  the  brick  is  checked  by  placing  the 
mason's  level  in  the  several  positions  indicated  in 
the  fourth  step,  fig.  8-66,  All  brick  ends  must  be 
flush  with  the  surface  of  the  foundation.  Bricks 
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Table  8-4.~t&ight  of  CaurMi:  2 1/4-incfl  Brick,  3/84fWh  Joint 
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Table  8*5.-Height  of  Course*:  2  IM-inch  Brick,  1/2-inch  Joint 
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Tab*e  ^6,-H»ioht  of  Courm:  2  l/4-inch  Brick,  e/$4nch  Joint 


V  2#" 

0'  8H" 
0*  UM" 
r 

r  5#" 
„  r  $H" 
r  u" 

r  JOS" 
3'  IS" 
3'  4tf" 
S'  7tf" 
8*  1G" 
4'  0J4" 
4'  3#" 
4'  6H" 
4'  9M" 


C<Mitnw  Hcilht 

21   5'  OH" 

22   5'  3>i" 

23   5'  6H" 

24    5'  9" 

25   5'  MX" 

26   ft'  2Ji" 

27.  . f  ft'  5#" 

28   6'  8tf'' 

29  8' 

30   V  2%" 

31   7'  M" 

'&   V  8" 

33  V  10ft" 

34  j  8'  \%" 

m  8'  4H" 

36  j  S'  7H" 

37  j  8' 

38  9'  \y4" 

39  !  9'  4tf" 


40. 


9'  7" 


4J 
42 
43' 
M4 

40 
47 
48 
49 
50 
51 
52 
511 
54 
55 
56 
57 
58 
59 
SO 


10'  ov 


w 

6H" 
9H" 
W 
ir  3h" 
ii'  6" 

8K" 
2V 

12'  8K" 

52'  Hh  ' 
13' 

J3'  5" 

13'  7J*" 

13'  I0fc" 

14F  IK" 


10' 
10' 
10' 
11' 


\V 
11' 
12' 
12' 


Course* 
61. 

03  

64..  . 

65  

66..  ,. 
67...  . 
68, 

60..  „, 
70  . 

71... 
Tl 

73*. 

74  _ .  , , 
75...  . 
76.. ._ 
77.. 

7*:-  . 

70  . 
80. 


n«isrit 


1*' 

14J. 
15' 
15' 
15' 

sy 

16' 
16' 
16' 
i€' 
17' 
17' 
17' 
17' 
17' 
18' 
18' 
18' 
18' 
19' 


7tf" 

LW 

IW 

4" 

flft" 

W 

OS" 
W 

W 

^" 

OH" 
3" 

5V  ' 
ftV 

w 

5H" 
8><" 
11 H" 
2" 


8K  „ 
82  . 

S3  

84. 
85.. 
86  .  _ 
87_. 
88.  _ 
80.. 
90.. 
9K. 
92. 
93 
94  _ 

95 
96 

97. 

98. . 
99 
100. 


133.333 


},  m,  n,  o,  and  p  are  then  laid  in  the  same 
manner  The  number  of  leader  bricks  that  must 
be  laid  in  the  first  course  of  tJfe  corner  lead  can 
be  determined  from  the  fifth  step,  fig.  8-b6,  It 
will  be  noted  that  six  header  bricks  are  required 
on  each  slide  of  the  three-quarterclosures  a  and 
b. 

'Hie  second  course*  a  stretcher  course,  is  now 
laid.  The  procedure  is  shown  in  step  1,  fig*  8-67. 
A  Mn,  thick  layer  of  mortar  should  be  spread 
over  the  first  course  and  a  shallow  furrow  made 
in  the  mortar  bed.  Brick  a  (step  2,  fig.  8*67)  is 
then  laid  in  the  mortar  bed  and  shoved  down 
until  the  mortar  joint  is  1/2-in.  thick.  Brick  b 
may  now  be  shoved  into  place  after  mortar  has 
been  spread  on  its  end.  Excess  mortar  is 
removed  and  the  joint  checked  for  thickness. 
Bricks  c*  d,  et  f,  and  g  are  laid  in  the  same 
manner  and  checked  to  make  them  tevel  and 
plumb-  The  level  is  checked  by  placing  the 
mason's  level  in  the  position  indicated  in  step  2, 
fig,  8*67.  The  brick  are  plumbed  by  using  the 
mason's  Jevel  in  a  vertical  position  as  shown  in 


figure  S-68,  This  should  be  done  in  several 
places.  As  may  be  de;ermined  from  3,  fig.  8-67* 
seven  bricks  are  required  for  the  second  course 
The  remaining  brick  in  the  corner  lead  are  laid  in 
the  manner  described  for  the  brick  in  the  second 
course. 

Since  the  portion  of  the  wall  between  the 
leads  is  laid  using  the  leads  as  a  guide,  the  level 
of  the  courses  in  the  lead  must  be  checked 
cor.tirually,  and  after  the  first  few  courses  the 
lead  is  plumbed.  If  the  brickwork  is  not  plumb, 
bricks  must  be  moved  in  Or  out  until  the  lead  is 
accurately  plumb.  It  is  not  good  practice  to 
move  brick  much  or^ce  they  are  laid  in  mortar; 
therefore,  care  is  taken  to  place  the  brick 
accurately  at  the  start.  Before  the  mortar  has 
set,  the  joints  are  tooled  Qr  finished- 

A  corner  lead  at  the  opposite  end  of  the  wall 
is  built  in  the^same  manner.  It  is  essential  that 
the  level  of  the  tops  corresponding  courses  be 
ithe  same  in  each  lead.  That  is,  the^Jop  of  the 
second  course  in  one  corner  lead  must  be  at  the 
same  height  above  the  foundation  as  the  second 
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figure  8*67.*-$$cond  course  of  comer  lead  for  8-inch 
common  bond  brick  wall. 
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Figure  8-68,— Plumbing  o  comer. 


course  in  the  other  comer  lead.  A  long 
2-  by  2-in,  pole  can  be  used  to  mark  off  the 
heights  of  the  different  courses  above  the 
foundation.  This  pole  can  be  used  to  check  the 
course  height  in  the  comer  leads.  The  laying  of 
leads  should  be  closely  supervised  and  only 
skilled  Builders  should  by  employed  in  this 
work. 

With  the  comer  leads  at  each  end  of  the  wall 
completed,  the  face  tier  of  brick  for  the  wall 
between  the  leads  is  laid.  It  is  necessary  to  use  a 
line,  as  shown  in  figure  8-69, 

Knots  are  made  in  each  end  of  ihe  line  to 
hold  it  within  the  slot  of  the  line  block  as  shown 
in  figure  8-69,  The  line  can  be  made  taut  by 
hooking  one  of  the  line  blocks  to  each  end  of 
the  wall. 

The  line  is  positioned  1/16  in,  outside  the 
wall  face  level  with  the  top  of  the  brick. 

With  the  line  in  place*  the  first  or  header 
course  is  laid  in  place  between  the  two  corner 
leads.  The  brick  is  shoved  into  position  so  that 
its  top  edge  is  1/16  in,  behind  the  line.  Do  not 
^rowd  the  line.  If  the  corner  leads  are  accurately 
built*  the  entire  wall  will  be  level  or  plumb.  It  is 
not  necessary  to  use  the  level  on  the  section  of 
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Figure  8*69.-Uw  of  the  Una. 


the  wall  between  the  leads;  however*  it  is 
advisable  to  check  it  with  the  level  at  several 
points.  For  the  next  course,  the  line  is  moved  to 
the  top  of  the  next  mortar  joint.  The  brick  in 
the  stretcher  course  should  be  laid  as  described 
previously.  Finish  the  face  joints  before  the 
mortar  hardens. 

When  the  face  tier  of  brick  for  the  wall 
between  the  leads  has  been  laid  up  to,  but  not 
including  the  second  header  course,  normally  six 
courses,  the  backup  tier  is  laid.  The  procedure 
for  laying  backup  brick  has  already  been 
described.  The  backup  brick  for  the  corner  leads 
are  laid  first  and  the  remaining  brick  afterwards 
{fig.  8-70).  The  line  need  not  be  used  for  the 
backup  brick  in  an  8-in.  wall.  When  the  backup 
brick  have  been  laid  up  to  the  height  of  the 
second  header  course,  the  second  header  course 
is  laid. 

The  wall  for  the  entire  building  is  built  up  to 
a  height  including  the  second  header  course  at 
which  time  corner  leads  are  continued  six  more 
courses.  The  wall  between  the  leads  is 
constructed  as  before  and  the  entire  procedure 
repeated  until  the  wall  has  been  completed  £o 
the  required  height. 


Window  and  Door  Openings 

If  windows  are  to  be  installed  in  the  vail, 
openings  are  left  for  them  as  the  bricklaying 
proceeds.  The  height  to  the  top  of  one  full 
course  should  be  exactly  the  height  of  the 
window  sill.  When  the  distance  from  the 
foundation  to  the  bottom  of  the  window  sill  is 
known,  the  Builder  can  determine  how  many 
courses  are  required  to  bring  the  wall  up  to  that 
height.  If  the  sill  is  to  be  4  ft  4  1/4  in.  above  the 
foundation  and  l/2-in,  mortar  joints  are  used, 
19  courses  will  be  required.  (Each  brick  plus  one 
mortar  joint  is  2  1/4+1/2=23/4  inches.  One 
course  is  thus  2  3/4  in.  high.  Four  ft  4  1/4  in, 
divided  by  2  3/4  js  ]9,  the  number  of  courses 
required. 

With  the  brick  laid  up  to  sill  height,  *he 
rowlock  sill  course  is  laid  as  shown  in  figure 
8-71.  The  rowlock  course  it  pitched  downward 
The  slope  is  away  from  the  window  and  th 
rowlock  course  normally  takes  up  a  vertk 
space  equal  to  two  courses  of  brick.  The  exteric 
surface  of  the  joints  between  the  brick  in  the 
rowlock  course  must  be  carefully  finished  to 
make  them  watertight. 

The  window  frame  is  placed  on  the  rowlock 
sill  as  soon  as  the  mortar  has  set-  The  window 
frame  must  be  temporarily  braced  until  the 
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Figure  870.— Stacking  brick  at  the  cornar-8-ineh  common  bond  brick  wall. 
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brickwork  has  been  laid  up  to  about  one-third 
the  height  of  the  window  frame.  These  braces 
are  not  removed  for  several  days  in  order  that 
the  wall  above  the  window  frame  will  set 
properly.  Now  the  Builder  lays  up  the  brick  in 
the  rest  of  the  wall  in  such  a  way  that  the  top  of 
the  brick  in  the  course  at  the  level  of  the  top  of 
the  window  frame  is  not  more  than  1/4  in* 
above  the  frame.  To  do  this,  the  top  of  each 
course  is  marked  with  a  pencil  on  the  window 
frame.  If  the  top  vOurse  does  not  come  to  the 
proper  level,  the  thickness  of  the  joint!,  is 
changed  slightly  until  the  top  course  is  at  the 
proper  level  The  corner  leads  should  be  laid  up 
after  the  height  of  each  course  at  the  window  is 
determined. 

The  mortar  jo*nt  thickness  for  the  cjmer 
leads  ts  made  the  same  as  that  determined  at  the 
window  opening.  With  the  comer  leads  erected, 
the  line  is  installed  as  already  described  and  is 


stretched  across  the  window  opening.  The  brick 
can  now  be  laid  in  the  rest  of  the  wall.  If  the 
window  openings  have  been  planned  properly, 
the  brick  in  the  face  tier  can  be  laid  with  a 
minimum  of  brick  cutting. 

lintels 

LINTELS  are  placed  above  windows  and 
doors  to  carry  the  weight  of  the  wall  above 
them.  They  rest  on  the  brick  course  that  is  level 
or  approximately  level  with  the  frame  head,  and 
are  firmly  bedded  in  mortar  at  the  sides.  Any 
space  between  the  window  frame  and  the  lintel 
is  closed  with  blocking  and  weather-stripped 
with  bituminous  materials.  The  wall  is  then 
continued  above  the  window  after  the  lintel  is 
placed. 

The  same  procedure  can  be  used  for  laying 
brick  around  a  Joor  opening  as  was  used  for 
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Figure  8-71  .-Construction  at  a  window  opening. 


laying  brick  around  a  window  opening,  including 
placement  of  the  lintel.  The  arrangement  at  a 
door  opening  is  given  in  figure  8-72.  Pieces  of 
wood  cut  to  the  size  of  a  half  closure  are  laid  in 
mortar  as  brick  to  provide  for  anchoring  the 


door  frame  by  means  of  screws  or  nails.  These 
wood  locks  are  placed  at  several  points  along  the 
top  and  sides  of  the  door  opening  to  allow  for 

plumbing  the  frame. 

Lintels  can  be  made  of  steel,  precast 
reinforced  concrete  beams,  or  wood.  The  use  of 
wood  should  be  avoided  as  much  as  possible.  If 
reinforced  brick  masonry  is  employed,  the  brick 
above  the  wall  opening  can  be  supported  by  the 
proper  installation  of  steel  reinforcing  bars.  This 
will  be  discussed  later.  Figure  8-73  illustrates 
one  of  the  methods  of  placing  lintels  for 
different  wall  thicknesses.  The  relative 
placement  and  position  is  determined  both  by 
wall  thickness  and  the  type  of  window  being 
used. 

Installation  of  a  lintel  for  an  8-in.  wall  is 
shown  in  figure  £-73,  The  thickness  of  the  angle 
for  a  two-angle  lintel  should  be  1/4  inch.  This 
makes  it  possible  for  the  two-angle  legs  that 
project  up  into  the  brick  to  fit  exactly  in  the 
1/2-in.  joint  between  the  face  and  backing-up 
ties  of  an  &4n,  wall 

Corbeling 


USE  5  WOOD  BLOCKS  OH  EACH  S  OE  OF 
000R  FRAME  FOR  PURPOSE  QF  SECURING  FRAME 


HEADER  COURSE 


HOWLOCK  HEAOERS 


Corbeling  consists  of  courses  of  brick  set  out 
beyond  the  face  of  the  wall  in  order  to  form  a 
self-supporting    projection.   This    type  of 
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Figure  a-73.*-Lintei*  for  an  8-inch  wall 
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Figure  8*?4.-*Corbtled  brick  wall. 


construction  is  shown  in  figure  8-74*  The 
portion  of  a  chimney  that  is  exposed  to  the 
weather  is  frequently  corbeled  out  and  increased 
in  thickness  to  improve  its  weathering  resistance. 
Headers  should  also  be  used  as  much  as  possible 
in  corbeling,  It  is  usually  required  to  use 
various-sized  bats*  If  necessary,  the  first 
projecting  course  may  be  the  stretcher  course. 
No  course  ^ould  extend  out  more  than  2  in. 
beyond  the  course  below  it  and  the  total 
projection  of  the  corbeling  should  not  be  more 
than  the  thickness  of  the  wall. 

Corbeling  must  be  done  carefully  for  the 
construction  to  have  maximum  strength.  All 
mortar  joints  should  be  carefully  made  and 
completely  filled  with  mortar*  When  the 
corbeled-out  brick  masonry  is  to  withstand  large 
loads,  you  should  consult  the  design  division  of 
the  operation  department. 


Watertight  Walls 

The  water  that  passes  through  brick  walls 
does  not  usually  enter  through  the  mortar  or 
brick  but  through  cracks  between  brick  and 
mortar.  Sometimes  these  cracks  are  formed 
because  the  bond  between  the  brick  and  mortar 
is  poor.  They  are  more  apt  to  occur  in  head 
joints  than  in  bed  joints.  To  prevent  this,  some 
brick  must  be  wetted.  If  the  position  of  the 
brick  is  changed  after  the  mortar  has  begun  to 
set,  the  bond  between  the  brick  and  mortar  will 
be  destroyed  and  a  crack  will  result.  Shrinkage 
of  the  mortar  is  also  frequently  responsible  f0r 
the  formation  of  cracks. 

Both  the  size  and  number  of  cracks  between 
the  mortar  and  the  brick  can  be  reduced  if  the 
exterior  face  of  all  the  mortar  joints  is  tooled  to 
a  concave  finish.  All  head  joints  and  bed  joints 
must  be  completely  filled  with  mortar  if 
watertightness  is  to  be  obtained. 

A  procedure  found  effective  in  producing  a 
Ieakproof  wall  is  shown  in  figure  8*75*  The  back 
of  the  brick  in  the  face  tier  is  plastered  with  at 
least  3/8  in.  of  rich  cement  mortar  before  the 
backing  brick  are  laid.  This  is  called  PARGING 
or  back  plastering.  Since  parging  should  not  be 
done  over  mortar  protruding  from  the  joints,  all 
joints  on  the  back  of  the  face  tier  of  bricks  must 
be  cut  flush. 

Membrane  waterproofing,  installed  in  the 
same  way  as  specified  for  concrete  walls,  should 
be  used  if  the  wall  is  subject  to  considerable 
water  pressure.  The  membrane,  if  properly 
installed,  is  able  to  adjust  to  any  shrinkage  or 
settlement  without  cracking.  If  the  wall  is  to  be 


Figure  8*75. -Parking. 
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subjected  to  considerable  ground  water  or  the 
surrounding  soil  is  impervious,  tile  drains*  or 
French  drains,  if  drainage  tile  is  not  available, 
should  be  constructed  around  the  base  of  the 
walKfig-  £76). 

For  a  foundation  wall  below  ground  level* 
two  coats  of  bituminous  mastic  applied  to  the 
outside  surface  of  the  brick  will  yield 
satisfactory  results.  Asphalt  or  coal-tar  pitch 
may  be  used  and  applied  with  mops. 

The  watertightness  of  brick  walls  above 
ground  level  is  improved  by  the  application  of 
transparent  waterproof  paints  such  as  a  water 
solution  of  sodium  silicate.  Varnish  is  also 
effective-  When  used,  these  paints  should  be 
applied  as  specified  by  the  manufacturer. 
Certain  white  and  colored  waterproofing  paints 
are  also  available.  In  addition,  good  results  have 
been  obtained  b>  the  use  of  high-quality  oil  base 
paints. 

Portland  cement  pain  generally  gives 
excellent  results.  The  brick  wall  should  be  at 
least  30  days  old  before  the  Portland  cement 
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Fipirt  8*76,— Drain  around  foundation. 


paint  is  applied  and  all  efflorescence  (a  white 
powdery  crystalline  deposit)  must  be  removed 
from  the  surface  to  be  painted.  Manufacturer's 
instructions  for  mixing  and  applying  the  paint 
are  to  be  followed.  Surfaces  must  be  damp  when 
the  paint  is  applied,  which  is  an  advantage.  A 
water  spray  is  the  best  means  of  wetting  the 
surface.  Whitewash  or  calcimine  type  brushes  are 
used  to  apply  the  paint.  Portland  cement  paint 
can  be  applied  with  a  spray  gun  but  its  rain 
resistance  will  be  reduced. 

Fire-Resistant  Bricks 

Firebricks  are  manufactured  for  such  uses  as 
lining  furnaces  and  incinerators.  Their  purpose  is 
to.protect  the  supporting  structure  or  outer  shell 
from  intense  heat.  This  outer  shell  may  consist 
of  common  brick  or*  in  some  cases*  steeh  neither 
of  which  has  good  heat  resistance- 
There  are  two  types  of  fire-resistant  brick: 

FIREBRICKS  are  made  from  a  special  clay 
known  as  fire  clay.  They  will  withstand  high 
temperatures  and  are  heavier  and  usually  larger 
than  common  brick.  The  standard  size  is 
9  by  4  1/2  by  2  1/2  in. 

SILICA  BRICK  should  be  used  if  resistance 
to  acid  gases  is  required-  Silica  brick  should  not 
be  used  if  it  is  to  be  alternately  heated  and 
cooled.  Most  incinerators*  therefore*  should  be 
lined  with  firebrick  rather  than  silica  brick. 

Thin  joints  are  of  the  utmost  importance  in 
laying  firebrick.  1  his  is  especially  true  when  the 
bricks  are  exposed  to  high  temperatures,  such  as 
those  occurring  in  incinerators.  The  bricks 
should  be  kept  in  a  dry  place  until  the  time  they 
are  used. 

The  mortar  to  be  used  in  laying  firebrick 
consists  of  fire  clay  mixed  with  water.  The 
consistency  of  the  mortar  should  be  that  of 
thick  cream.  Fire  clay  can  be  obtained  by 
grinding  used  firebrick. 

The  brick  is  dipped  in  the  mortar  in  such  a 
way  that  all  faces  except  the  top  face  are 
covered.  The  brick  is  then  tapped  firmly  in  place 
with  a  bricklayer's  hammer.  The  joint  between 
the  brick  should  be  as  thin  as  possible  and  the 
brick  should  fit  tightly  together.  Any  cracks 
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Figurt  8-77 .-Details  for  a  cavity  wait, 


between  the  fire  brick  will  allow  heat  to 
penetrate  to  the  outside  shell  of  the  incinerator 
or  furnace  and  damage  it.  The  firebrick  in  one 
course  lap  those  in  the  course  below  by  one-half 
brick*  The  head  joint*  are  thus  staggered  in  the 
same  way  as  they  are  staggered  in  the  usual  type 
of  brick  construction. 

Silica  brick  are  laid  without  mortar.  They  fit 
so  closely  that  they  fuse  together  at  the  joints 
when  subjected  to  high  temperatures.  The  head 
joints  for  silica  brick  are  staggered,  as  for 
firebrick. 

Special  Types  of  Walls 

Different  types  of  walls,  such  as  cavity, 
rowlock,  and  partition  are  built  of  brick.  Wood 
frame  and  concrete  block  walls  can  also  be 
finished  by  brick,  known  as  VENEER. 

CAVITY  WALLS  provide  a  means  of 
obtaining  a  watertight  wall  that  may  be 
plastered  without  the  use  of  furring  or  laining. 
From  the  outside  they  appear  the  same  as  solid 
walls  without  header  courses  (fig.  8-77),  No 


headers  are  required  because  the  two  tiers  of 
brick  are  held  together  by  means  of  metal  ties 
installed  every  sixth  course  and  on  24-im 
centers.  To  prevent  waterflow  to  the  inside  tier, 
ties  must  be  angled  in  a  downward  direction 
from  the  inside  tier  to  the  outside  tier. 

The  2-in.  cavity  between  the  two  tiers  of 
brick  provides  a  space  down  which  water  that 
penetrates  the  outside  tier  may  blow  without 
passing  through  to  the  inside  of  the  walL  The 
bottom  of  the  cavity  is  above  ground  level  and  is 
drained  by  weep  holes  piaced  in  the  vertical 
joints  between  two  bricks  in  the  first  course  of 
the  outer  tier.  These  holes  may  be  formed  by 
leaving  the  mortar  out  of  some  of  the  vertical 
joints  in  the  first  course.  The  holes  should  be 
spaced  at  about  24-in.  intervals.  The  air  space 
also  gives  the  wall  better  heat-  and 
sound-insulating  properties. 

One  type  of  ROWLOCK  WALL  is  shown  in 
figure  8-78.  The  face  tier  of  this  wall  has  the 
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Figure  8-78,-Detaili  of  a  rowlock  back  wall. 
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same  appearance  as  a  common  bond  wall  with  a 
full  header  course  every  seventh  course.  The 
backing  tier  is  laid  with  the  brick  on  edge.  The 
face  tier  and  backing  tie?  are  tied  together  by  a 
header  course  as  shown.  A  2*im  space  is 
provided  between  the  two  tiers  of  brick,  as  for  a 
cavity  wall. 

An  all*rowlock  wall  is  constructed  with  brick 
in  the  face  and  backing  tier  both  laid  on  edge. 
The  header  course  would  be  installed  at  every 
fourth  course:  three  rowlock  courses  to  every 
header  course.  A  rowlock  wail  is  not  as 
watertight  as  the  cavity  wall.  Water  is  able  to 
follow  any  crack  present  in  the  header  course 
and  pass  through  the  wall  to  the  inside  surface, 

PARTITION  WALLS  that  carry  very  little 
toad  can  be  made  using  one  tier  of  brick  only. 


This  produces  a  wall  4  in.  thick,  A  wall  of  this 
thickness  is  laid  up  without  headers. 

Brick  are  laid  in  cavity  walls  and  partition 
walls  according  to  the  procedure  given  for 
making  bed  joints,  head  joints,  cross  joints,  and 
closures.  The  line  is  used  the  same  as  for 
common  bond-wall.  Comer  leads  for  these  walls 
are  erected  first  and  the  wall  between  is  buiK  up 
afterward. 

Facing  or  finishing  a  wood  frame  vail  with 
BRICK  VENEER  (fig.  8*79)  is  done  by  sheathing 
the  frame  with  either  plywood  or  boards  and 
then  applying  the  facing  brick  to  the  sheathing. 
Be  sure  to  leave  a  Hn*  air  ->a?e  between  the 
brick  and  the  sheathing  and  anchor  the  brick  to 
the  frame  with  metal  ties  spaced  at  least  24  in. 
apart  both  horizontally  and  vertically. 
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Figure  8-79*— Brick  vender  over  wood  frame. 
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Figure  8-81  ,-TyPical  nail  wction,  brick  veneer  on 
frame. 
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Figure  8-82,- Beginning  brick  veneer  on  block  foun- 
dation, 


In  another  method  (fig,  8-80),  the  framing  is 
covered  with  a  paper-backed,  weld-wire  mesh* 
The  mesh  is  then  covered  with  mortar  at  least 
1  in,  thick  so  that  Uie  brick  will  be  separated 
from  the  framing.  Figure  8-81  shows  a  typical 
wall  section  that  has  been  brick  veneered. 

There  are  several,steps  taken  in  applying  a 
BRICK  VENEER  over  a  concrete  block  waiL 
Figure  8-82  shows  that  l(Mn,  concrete  blocks 
are  used  for  the  foundation.  Then*  ?s  shown  in 
figure  8-83,  a  course  of  header  brick  is  laid, 
followed  by  4-in,  concrete  block  set  behind  the 
brick  veneer  course.  Finally,  the  back  of  the 
facing  brick  is  mortared,  as  shown  in  figure  8-84* 

REINFORCED  BRICK  MASONRY 

Because  the  strength  of  brick  masonry  in 
tension  is  low,  zs  compared  with  its  compressive 
strength,  reinforcing  steel  is  used  when  tensile 
stresses  are  to  be  resisted.  In  this  respect  brick 
masonry  and  concrete  construction  are  identical. 
The  reinforcing  steel  is  placed  in  the  horizontal 
or  vertical  mortar  joints.  Reinforced  brick 
masonry  may  be  used  for  beams,  columns,  wails, 
antf  footings  in  the  same  manner  as  reinforced 
concrete  h>  used.  Structures  bunt  of  reinforced 
brick  masonry  have  successfully  resisted  the 
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effect  of  earthquake  shoLks  intense  enough  to 
damage  unreinforced  bnck  structures  severely. 
The  design  of  reinforced  brick  masonry 
structures  is  similar  to  the  design  of  reinforced 
concrete  structures. 

Brick  used  for  reinforced  brick  masonry  is 
the  same  as  that  used  for  ordinary  brick 
masonry.  It  should,  however,  have  a  compressive 
strength  of  at  least  2,5001b  persq  inch. 

The  reinforcing  steel  is  the  same  as  the  steel 
used  to  reinforce  concrete  and  it  is  stored  and 
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Figure  &-84.-8*ck  pltttarirtg  tht  facing  brick. 


fabricated  in  the  same  way*  Hard-grade  steel 
should  not  be  used  except  in  emergencies 
because  many  sharp  bends  are  required  in  this 
type  of  construction. 

Type  N  mortar  is  used  because  of  its  high 
strength. 

Wire  for  tying  reinforcing  steel  should  be 
16-gage  soft  annealed  iron  wire. 

Construction  Methods  for 
Reinforced  Brick  Masonry 

Bricklaying  procedures  and  those  for  normal 
brick  masonry  are  the  same.  Mortar  joint 
thickness  is  1/8  in.  more  than  the  diameter  of 
the  steel  bar  used  for  reinforcing.  This  will  allow 
1/1 6  in,  of  mortar  between  the  surface  of  the 
brick  and  the  bar.  When  large  steel  bars  are  used, 
>he  thickness  of  the  mortar  joint  will  exceed  1/2 
inch. 

All  reinforcing  steel  must  be  firmly 
embedded  in  mortar. 

Horizontal  bars  are  laid  in  a  bed  of  mortar 
and  pushed  down  until  in  position.  More  mortar 
is  spread  on  top  of  the  rods  and  smoothed  out 
until  a  bed  joint  of  the  proper  thickness  can  be 
made.  The  next  course  of  brick  is  then  laid  in 
this  mortar  bed  according*  to  the  procedure 
outlined  for  laying  brick  without  reinforcing 
steel. 

Stirrups  for  most  reinforced  brick  beams 
must  be  of  the  shape  shown  in  figure  8-85,  in 
order  to  place  them  in  thetfnortar  joints.  The 
lower  leg  is  placed  under  the  horizontal  ban  and 
in  contact  with  them.  Note  that  this  may  require 
a  thicker  joint  at  this  point. 

Vertical  bars  aie  placed  in  the  vertical 
mortar  joints.  They  are  held  in  position  by  wood 
templets  in  which  holes  have  been  drilled  at  the 
proper  bar  spacing  or  by  wiring  to  a  horizontal 
bar.  The  brick  is  laid  up  around  the  vertical  bars. 

Horizontal  and  vertical  bars  need  not  be 
wired  together  as  was  recommended  for 
reinforcing  steel  in  concrete  walls. 

The  minimum  centeMo-center  spacing 
between  parallel  bars  is  1  1/2  times  the  bar 
diameter. 

Reinforced  brick  beams  require  form  work 
for  the  same  reason  that  reinforced  concrete 
beams  need  form  work.  The  form  will  consist 
only  of  a  support  for  the  bottom  of  the  beam. 
No  side  form  work  is  required.  The  forr  for  the 
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Ffrjurc  8-85>- Reinforced  brick  and  masonry  beam. 


bottom  js  the  same  and  is  supported  in  the  same 
way  as  recommended  for  concrete  beams.  No 
form  work  is  required  for  walls,  columns,  or 
footings. 

Where  the  beam  joins  a  wall  or  another 
beam,  the  form  should  be  cut  1/4  in.  short  and 
the  gap  filled  with  mortar  to  allow  for  swelling 
of  the  lumber  and  to  permit  easy  removal  of  the 
forms.  (At  least  10  days  should  elapse  before  the 
bottom  form  work  for  beams  is  removed.) 

Reinforced  Brick  Masonry  Beams 

The  width  and  depth  of  beams  depend  upon 
brick  dimensions,  thickness  of  the  mortar  joints, 
and  the  load  that  the  beam  is  required  to 
support.  Beam  widths  are  usuaily  the  Same  as 
tile  waft  thicknesses;  that  is,  4,  8,  12,  and  16 
inches.  The  depth  should  not  exceed  about  three 
times  the  width* 

The  first  course  of  brick  is  laid  on  the  form 
with  full  he&d  joints  but  without  a  bed  joint  (fig. 
8-85). 

A  bed  of  mortar  about  l/&in.  thicker  than 
the  diameter  of  the  horizontal  reinforcing  bars  is 
spread  ojj  the  first  course  of  brick  and  the  ban 
embedded  in  it  as  already  described. 


If  stirrups  are  required,  the  leg  of  the  stiirup 
is  slipped  under  the  horizontal  bars  as  shown  in 
figure  8*85,  Care  must  be  taken  to  get  the 
stiuup  in  the  center  of  the  vertical  mortar  joint 
in  which  it  is  to  be  placed.  t 

After  the  stirrups  and  the  horizontal  ban  are 
in  the  proper  position,  spread  additional  mortar 
on  the  bed  joint  if  necessary,  and  smooth  the 
surface  of  the  mortar.  The  mortar  bed  is  now 
ready  for  the  remaining  courses  which  are  laid  in 
the  usual  woy. 

All  of  the  brick  if*  one  course  are  iaid  before 
any  brick  in  the  next  course  are  placed.  This  is 
necessary  to  insure  a  continuous  bond  between 
the  mortar  and  steel  bare.  It  is  frequently 
necessary  to  have  three  or  four  Builders  workjng 
on  one  beam  in  order  to  get  the  bed  joint  mortar 
foT  the  entire  course  spread,  reinforcing  steel 
placed,  and  the  brick  [aid  before  the  mortar  sets 
up. 

The  proper  placement  of  reinforcing  steel  in 
the  brick  wall  above  a  window  or  door  opening 
will  serve  the  purpose  of  a  lintel. 

The  steel  bars  should  be  3/3  in.  in  diameter 
or  less  if  it  is  necessary  to  maintain  a  1/2-in. 
thkk  mortar  joint.  The  bars  should  extend 
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Figure  8-8&-Reinforc«d  brick  masonry  lim&Jt. 
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15  in,  into  the  brick  wall  ;>n  each  sidr  of  the 
opening  and  $hould  be  placed  in  the  first  mortar 
jomt  above  the  opening  and  also  in  the  fourth 
joint  above  the  opening  {fig,  8-86),  The  lintel 
acts  as  a  beam  and  needs  a  bottom  form,  The 
number  and  size  bars  required  for  different 
width  vrall  openings  are  as  follows: 


Width  of  wall 
opening  in  feet 


Number  and  si/e 
of  tars 


6  2ea  1'4-in  diameter  bar* 

9  3  ea  1  /4-;n,  diameter  bars 

12  3  ea.V8-in,  diameter  bars 

Reinforced  Brick  Masonry  Foundations 

In  large  footings,  reinforerng  steel  usually 
needed  because  of  the  tensile  stresses  ttux 


develop,  As  in  all  brick  foundations,  the  first 
course  of  brick  is  laid  in  a  bed  of  mortar  about 
1  in-  thick  that  has  been  spread  on  the  subgrade, 
A  typical  wall  rooting  is  shown  in  figure 
8-87.  The  dowels  extend  above  the  footing;  their 
purpose  is  to  the  footing  iind  brick  wall 
together  The  No,  3  bars  shown  running  parallel 
to  the  direction  of  the  wall  are  used  to  prevent 
the  formation  of  cracks  perpendicular  to  the 
wall. 

Column  footings  are  usually  square  or 
rectangular  and  are  reinforced  as  shown  in  figure 
8*8S,  The  dowels  arc  needed  to  anchor  the 
column  to  the  footing  and  to  transfer  stress 
from  tlie  column  io  the  footing,  Note  that  both 
iayers  of  horizontal  ^teel  are  placed  in  the  same 
mortar  joint.  This  is  not  necess^y  and,  if  large 
bars  are  used  one  layer  of  steel  should  be  placed 
in  the  second  mortar  joint  above  the  bottom.  If 
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thia  is  done,  (he  ;>pa*,ing  between  the  bars  *n  tht; 
upperlsycr  of       must  be  reduced. 

Reinforced  Brick  Masonry 
Columns  and  Walls 

The  load-carrying  capacity  of  brick  columns 
i5  increased  when  they  are  reinforced  with  steel 
bars.  There  should  be  at  least  J  i/2  in.  of  mortar 
or  brick  covering  the  reinforcing  bars  and  these 
bars  should  be  held  in  placs  with  3/8-iiu 
diameter  steel  hoops  or  ties  &s  shewn  in  figure 
8-89,  When  possible,  the  hoops  or  ties  should  be 
circular  rather  than  rectangular  o;  square.  The 
ends  of  the  hoop  or  tie  should  be  lap-welded 
together  or  bent  around  a  reinforcing  bar.  Hoops 
should  be  ir  Jailed  at  every  course  of  brick. 

After  the  footings  are  completed,  the 
column  reinforcing  steel  is  tied  tv  the  doweh 
projecting  from  the  footing*  The  required 
number  or  hoops  is  than  slipped  over  the 


longitudinal  reinforcing  bars  and  temporarily 
fastened  to  these  bars  some  distance  above  the 
level  at  wruch  brick  are  being  laid  but  within 
reach  of  the  Builder  laying  brick.  It  is  not 
necessary  for  the  h^ops  to  be  held  in  position  by 
wiring  them  to  the  longitudinal  reinforcing.  The 
tops  cf  the  longitudinal  reinforcing  burs  are  held 
in  position  by  means  of  a  wood  teirplet  or  by 
securely  tying  them  to  a  hoop  placed  near  the 
top  of  a  column. 

The  brick  are  laid  a^  described  previously. 
The  hoops  are  placed  in  a  full  bed  of  mortar  and 
the  mortar  smoothed  out  before  the  next  course 
of  brick  is  laid.  Brick  bats  may  be  used  in  the 
core  oi  the  column  or  where  it  is  inconvenient 
or  impossible  to  use  full-size  brick.  After  all  the 
brick  in  a  course  are  laid,  the  core  and  all 
remaining  space  around  the  reinforcing  ban  is 
filled  with  mortar.  Any  bats  required  art  then 
pushed   into  the   mortar   until  completely 
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Figure  fc£9.- Reinforced  brick  matonry  columns 


embedded.  The  next  mortar  bed  is  now  spread 
and  the  process  repeated. 

Reinforcing  steel  for  walls  consists  of  both 
horizontal  and  vertical  bars  and  is  placed  as 
discussed  previously,  The  vertical  bars  are  wired 
to  the  dowels  projecting  up  from  the  footing 
below  and  are  placed  in  the  mortar  joint 
between  tiers  of  brick.  As  the  brick  are  laid,  all 
space  around  the  bars  is  filled  with  mortar. 
Otherwise,  the  wall  is  constructed  as  specified. 

In  the  construction  of  comer  leads,  bars 
should  be  placed  in  the  comer  as  shown  in  figure 
8-90*  The  extension  is  15  in.  and  the  bar  size 
should  be  the  same  as  that  used  for  horizontal 
bars  in  the  rest  of  the  wall  The  horizontal  bars 
in  the  remainder  of  the  wall  lap  these  comer 
bars  by  the  same  15  inches.  As  for  beams,  all  the 
brick  in  one  course  between  comer  leads  are  laid 
before  any  other  brick  are  laid.  This  is  necessary 
since  the  entire  reinforcing  bar  must  be 
embedded  in  mortar  at  the  same  time. 


133.323 

Figure  8-90,-Comor  lead  for  reinforced  brick  masonry 
wall. 


ESTIMATING  BRICK  AND  MORTAR 

You  can  estimate  the  number  of  bricks  and 
the  quantity  of  mortar  needed  for  a  4-,  or 
12-inch  wall  when  given  the  thickness  of  the 
mortar  joint  and  the  exaci  size  of  the  bricks. 
The  following  example  shows  the  method  of 
estimating  the  number  of  bricks  for  a  4-inch  wall 
measuring  8  ft  high  and  14  ft  long.  EXAMPLE: 
Specifications  call  for  the  use  of  2  1/4-  by  3  3/4- 
by  8-inch  bricks  and  bed  and  end  joints  of  1/2 
inch  each.  The  brick  face  with  its  mortar  joints 
measure  2  3/4  in.  high  by  8  1/2  in,  long,  as 
shown  m  figure  8-91- 

Step  I.  Find  the  surface  area  by  multiplying 
the  height  and  the  length  of  a  brick  (including 
the  mortar  joints).  2  3/4  in.  x  8  1/2  in.  - 
2,75  iju  x  8,50  in.  =  23,38  sq  in. 

Step  2.  Find  the  number  of  bricks  per  square 
foot  of  wall.  Since  i  sq  f  t  ~  144  sq  jm,  divide 
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Figure  0*91. -Average  size  brick  with  mortar  jofot. 
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Cubfc  Feet  of  Mortar  Required  for  1000  Bricks 
(No  Allowance  for  Waste  Included,  add  10%  for  Waste) 

Joint 

Thickness 
(in.) 

Various  Watt  Thicknesses  (m.) 

«   !  8 

12 

16 

20 

1 

8,7 

9,7 

10,2 

10.5 

i 

8,7 

11  8 

12,9  • 

13,4 

13,7 

i 

1 1.7 

15.0 

16  2 

16  8 

17,1 

t 

14.8 

18.3 

19,5 

20.1 

20,5 
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144  by  23,38,  This  gives  you  the  number  of 
bricks  (6.16)  for  a  4-inch  wall,  (Double  this 
number  for  an  8-inch  wall*  triple  it  for  a  12-inch 
wall.) 

Step  3,  Find  the  area  of  the  brick  wall  by 
multiplying  its  height  by  its  length. 
8  ft  x  14  ft  =  1 12  sq  ft. 

Step  4,  Multiply  the  area  of  the  wall  by  the 
number  of  bricks  per  square  fool.  In  this  case, 
112x6,16or  690  bricks. 

Note:  U  there  #re  windows*  doors,  and  other 
openings  on  the  wall,  you  subtract  the  area  of 
these  openings  from  the  overall  area  of  the  wall 
to  get  the  net  area.  Then,  in  step  4,  you  multiply 
the  number  of  bricks  per  square  foot  by  the  net 
area. 

In  finding  how  much  mortar  is  required  to 
build  a  given  wall,  div:*e  the  total  number  of 


bncks  by  1,000,  multiply  the  result  by  the 
factor  given  in  table  8-7,  and  allow  10%  for 
waste.  EXAMPLE;  A  total  of  13,832  bricks  are 
required  to  build  an  8-inch  wall  where  the 
mortar  joints  are  1/2  in,  thick.  Find  the  amount 
of  mortar  required. 

Step  1,  13,832  ^  1,000=  13,832, 

Step  2,  In  tabic  8-7,  find  the  appropriate 
faLtor.  For  an  8-inLh  wall  and  1/2-inch  joint,  the 
factor  is  15,0, 

Step  3.  13,83  2  x  15=  207,5  cu  ft. 

Step  4,  Add  10%  for  waste.  Waste 
allowance  =  207,5  x  0,10  or  20,75  cu  ft, 
207,5  +  20.75  =  228,25  cu  ft. 

Therefore,  228,25  cu  ft  is  the  amount  of 
mortar  required  to  lay  13,832  bricks  for  an 
8-inch  wall,  using  l/2-inch-thick  mortar  joints. 
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CHAPTER  9 


LIGHT  FRAME  CONSTRUCTION:  FLOOR  AND  WALL 


Thi3  chapter  provides  general  information  on 
your  job  as  a  Builder  on  how  the  various 
members  of  floor  and  wall  framing  are 
assembled.  An  explanation  of  the  procedures 
applicable  to  the  installation  of  subflooring, 
interior  construction,  doors,  windows,  and 
Sheathing  is  also  given* 

Be  sure  srtfety  is  given  prime  consideration 
by  you  and  your  crewmembers  during  all  phases 
of  light  frame  construction. 


THEORY  OF  FRAMING 

The  two  major  parts  of  a  building  are  the 
foundation  and  the  part  above  the  foundation, 
which  is  called  the  SUPERSTRUCTURE.  A 
FRAME  building  is  one  in  which  the  skeleton  of 
the  superstructure  consists  of  a  framework  of 
wooden  structural  members.  This  framework  is 
called  the  FRAMING  of  the  building,  ami  the 
framing  is  subdivided  into  FLOOR  FRAMING 
AND  WALL  AND  ROOF  FRAMING.  Floor 
framing  consists  for  the  most  part  of  horizontal 
members  called  J  OISTS  and  wall  framing  for  the 
most  part  of  vertical  members  called  STUDS. 
Roof  framing  consists  of  both  horizontal  and 
vertical  members  which  will  be  discussed  in  a 
later  chapter. 

In  the  days  when  lumber  and  labor  were 
plentiful  and  nails  were  scarce,  it  was  the  custom 
to  use  largwiimension  timbers  (4-by,  6-by>  8-by, 
etc.)  for  framing  members,  and  to  Join  members 
together  with  mortise- and-tenon  joints,  fastened 
with  wooden  pins,  As  lumber  and  labor  became 
more  expensive,  as  nails  became  cheaper,  and  as 
the  machinery  for  cutting  lumber  to  smaller 


dimensions  became  more  highly  developed,  the 
large-timber  method  of  framing  (called  FULL 
framing)  gradually  went  out  of  use.  Newer 
methods,  in  which  the  framing  members  consist 
of  small-dimension  lumber  (usually  2-by) 
fastened  together  with  nails,  are  now  used. 

Of  the  newer  framing  methods,  the  most 
common  is  PLATFORM  FRAMING  (also  called 
WESTERN  and  STO  RY*  BY-STORY 
FRAMING).  In  platform  framing  there  are 
separate  studs  for  each  floor,  anchored  on  SOLE 
PLATES  laid  on  the  subflooring,  as  shown  in 
figure  9-1. 


SILL  FRAMING 

The  work  involved  in  sill  construction  is  a 
very  important  one  for  the  Builder.  The 
foundation  wall  is  the  support  upon'  which  all 
structure  rests.  The  sill  is  the  foundation  on 
which  all  framing  structure  rests  and  it  is  the  real 
point  of  departure  for  actual  building  activities. 

The  sills  are  the  first  part  of  the  frame  to  be 
set  in  place.  They  rest  either  directly  on  the 
foundation  piers  or  on  the  ground,  and  may 
extend  all  around  the  building;  they  are  joined 
at  the  corners  and  spliced  when  necessary. 
Figure  9-2  shows  some  common  types  of  sills. 
The  type  used  depends  upon  the  general  type  of 
construction  used  in  the  frame. 

The  BOX-SILL  assembly  shown  in  figure  9-3 
is  the  type  most  frequently  used  in  platform- 
frame  construction.  In  this  type,  the  ends  of  the 
joists  are  framed  against  a  HEADER-JOIST 
which  is  set  flush  with  the  outeredge  of  the  sill. 
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Figure  9-1  ,~PJatiornv-f  ram*  welt  section* 
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Figure  9*2,-Tyf»*  of  tills* 


Sills  are  usually  single,  as  shown  in  the  examples 
which  have  been  illustrated,  but  a  double  sill  is 
occasionally  specified, 

Balloomframe  construction  uses  a  nominal 
£in-  or  thicker  wood  sill  upon  which  the  joists 
rest*  The  studs  aiso  bear  on  this  member  and  are 
mailed  both  to  the  floor  joists  and  the  sill.  The 
subfloor  is  laid  diagonally  or  at  right  angles  to 
the  joists  and  a  firectop  added  between  the  studs 
at  the  floorline,  (See  fig,  9*4,)  When  diagonal 
subfloor  is  used,  a  nailing  member  is  normally 
required  between  joists  and  studs  at  the  wall 
lines. 


SILL  LAYOUT 

The  sill  is  normally  the  first  member  to 
laid  out.  As  indicated  in  figure  9-1,  the  edge  of 
the  sill  is  usually  set  back  from  the  edge  of  the 
foundation  a  distance  equal  to  the  thickness  of 
the  sheathing.  When  this  is  the  case,  the  length 
of  sill  stock  required  to  cover  a  section  of 
foundation  wall  is  equal  to  the  length  of  the  wall 
section  minus  twice  the  amount  of  the  set-back. 

To  make  up  this  length,  you  should  select 
lengths    of  sill    stock    which    will  most 
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Figure  9-4.-SHI  for  balloon  framing. 
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Figur*  &S*~-BuiltHip  wood  girder. 


conveniently  and  economically  make  up  the 
total  required  ,ength*  Suppose,  for  example,  that 
the  section  of  wall  calls  for  33  ft  of  2  by  8  sill 
stock  and  you  have  2  by  8*s  available  in  Ifrft, 
16-ft,  14-ft,  and  6-ft  lengths.  You  could  select 
two  lfrft  pieces  and  cut  3  ft  off  one  of  them,  or 
you  could  select  two  I4~ft  pieces  and  a  6-ft 
piece  and  cut  a  foot  off  the  6-ft  piece.  In  the 
first  instance,  however,  you  would  have  3  fi  of 
waste,  while  in  the  second  you  would  have  two 
joints  in  the  sill.  To  minimize  both  waste  and 
the  number  of  jointsJ  you  should  select  one 
Ifrft  and  one  ]  6-ft  piece  and  cut  I  ft  off  of  one 
of  them. 


bolts,  but  otherwise  in  exactly  the  position  it  is 
to  occupy,  and  square  a  line  across  the  stock 
from  the  center  of  each  bolt.  To  lay  out  the 
bolt-hole  center  on  each  of  these  lines,  measure 
the  distance  from  the  center  OF  EACH  BOLT  to 
the  outer  edge  of  the  foundation,  subtract  the 
amount  of  the  sill  set-back  from  this  distance, 
and  lay  off  the  remainder  ON  THE  COR- 
RESPONDING BOLT  LINE,  measuring  from 
what  is  to  be  the  outer  edge  of  the  sill. 

The  reason  you  must  lay  out  each  bolt  hole 
separately  is  that  the  bolts  may  be  set  at  slightly 
varying  distances  from  the  edge  of  the 
foundation  and  from  each  other. 


Once  the  required  length  has  been  made  up, 
the  next  step  is  to  lay  out  the  locations  of  the 
anchor  bolt  holes  as  follows:  place  each  piece  of 
sill  stock  on  the  foundation,  inboard  of  the 


Slit  PLACEMENT 

Bore  the  bolt  holes  with  an  auger  bit  1/8  in, 
larger  in  diameter  than  the  bolt  diameter,  to 
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allow  for  makjng  slight  adjustments  in  the 
location  of  the  siil.  When  all  the  holes  have  been 
bored,  try  the  stock  for  the  whole  section  on  the 
bolts  for  a  fit*  If  the  fit  is  satisfactory*  remove 
the  pieces  of  stock  and  place  a  thin  layer  of 
sealer  on  top  of  the  foundation.  Replace  the 
pieces  and  check  the  whole  sill  for  line  and  level. 
Place  small  wedges,  if  necessary,  to  hold  the 
pieces  level  until  the  sealer  sets.  Then  place  the 
washers  on  the  bolts,  screw  on  the  nuts*  and  bolt 
the  sill  down. 


FLOOR  FRAMING 

The  floors  of  a  frame  building  are  supported 
on  a  series  of  JOISTS.  Depending  upon  the 
length  of  the  SPAN  (distance  between  the 
end-supports  of  the  joists)  and  the  expected  size 
of  the  combined  live  and  dead  load  on  the  floor* 
joists  may  run  anywhere  from  2  by  4  to  3  by  1 0. 

The  usual  joist  size  for  most  ordinary  frame 
construction  is  2  by  10,  The  outside-wall  ends  of 
first-floor  joists  are  toenailed  to  the  sill. 

In  platform  framing  the  outside-wall  ends  of 
upper-floor  joists  are  anchored  on  the  lower 
floor  top  plates.  In  most  cases  they  butt  against, 
and  are  nailed  to,  a  HEADER  JOIST,  set  flush 
with  the  outer  edge  of  the  plate.  This  amounts 
to  a  repeat  of  the  box-sill  framing  arrangement 
used  on  the  first  floor 


FRAMING  JOISTS  TO  GIRDERS 


The  distance  between  an  opposing  pair  of 
outside  walls  is  often  too  great  to  be  spanned  by 
a  single  joist  When  two  or  more  joists  are 
required  to  cover  the  span,  intermediate  support 
for  the  inboard  joist-ends  is  provided  by  one  or 
more  girders.  First-floor  girders  arc  supported  on 
piers  or  on  basement  columns;  upper-floor 
girders  are  supported  on  lower-floor  columns. 
Girders  may  consist  of  wood,  either  solid  or 
LAMINATED*  built  up  of  several  wooden 
members  spiked  or  bolted  together*  or  they  may 
consist  of  steel  beams.  (See  fig.  9-5.) 


Figure  9*€  shows  three  common  methods  of 
framing  inside  ends  of  joists  to  wooden  girders. 
In  view  A,  fig.  9*6,  the  joist  ends  are  lapped  on 
and  toenailed  to  the  girder,  and  spiked  to  each 
other.  In  view  B,  fig.  9-6,  the  joist  ends  are 
notched  so  as  to  bear  partly  on  the  girder  and 
partly  on  a  LEDGER  PLATE  nailed  to  the  side 
of  the  girder.  Again  the  joists  are  toenailed  to 
the    girder    and    spiked    to    each  other. 


C 
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Figure  V 6. -Method*  of  framing  joUte to  wooden  girotrt, 
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Specifications  usually  require  that  joists  not  be 
notched  to  more  than  one-third  of  their  depths. 
The  JOIST  HANGER  (also  called  a  STIRRUP) 
shown  in  view  C,  fig.  9-6*  is  used  when  the 
nature  of  the  construction  requires  that  the 
upper  and  lower  edges  of  the  joists  come  flush 
with  the  top  and  bottom  of  the  girder. 

When  a  space  is  required  for  heat  ducts  in  a 
partition  supported  on  the  girder,  a  spaced  wood 
girder  is  sometimes  necessary,  (See  fig.  9-7.) 
Solid  blocking  is  used  at  intervals  between  the 
two  members.  A  single  post  support  for  a  spaced 
girder  usually  requires  a  bolster,  preferably 
metal,  with  sufficient  span  to  support  the  two 
members. 

Joists  may  be  arranged  with  a  steel  beam 
generally  the  same  way  as  illustrated  for  a  wood 
beam.  Perhaps  the  most  common  methods, 
depending  on  joist  sizes,  are: 

1,  The  joists  rest  directly  on  the  top  of  the 
beam. 


2.  Joists  rest  on  a  wood  ledger  or  steel 
angle  iron,  which  is  bolted  to  the  web,  as  shown 
in  view  A,  fig,  9-8. 

3.  Joists  bear  directly  on  the  flange  of  the 
beam  as  shown  in  view  B,  of  fig.  9-8, 

In  the  third  method,  wood  blocking  is  required 
between  the  joists  near  the  beam  flange  to 
prevent  overturning. 


JOIST  LAYOUT 


A  COMMON  JOIST  is  a  full-length  joist  that 
spans  from  uall-to-wall  or  from  wall-to-girder. 
The  best  way  to  layout  common  joists  for 
cutting  is  to  figure  the  correct  length  of  a 
common  joist,  cut  a  piece  of  stock  to  this 
length,  notch  it  for  identification,  and  use  the 
piece  as  a  PATTERN  from  which  to  cut  the 
other  common  joists. 
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Figure  9*7.-$pac*d  wood  girder. 
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Figure  9-8, -Safe  I  beam  and  jofcts:  A,  Bearing  on  ledger 
B,  Bearing  on  fl&nga. 


A  CRIPPLE  JOIST  is  similar  to  a  common 
joist  with  the  exception  that  it  does  not  extend 
the  full  span  as  a  common  joist  does,  Crioples 
are  normally  interrupted  by  floor  openings*  The 
best  way  to  lay  out  cripples  for  cutting  is  to 
postpone  the  cripple  layout  until  after  the 
headers  have  been  placed:  then  measure  the 
spaces  which  are  to  be  spanned  by  the  cripples 

In  platform  framing,  the  outer  ends  of  the 
joists  usually  butt  against  a  header  joist  which  is 
set  flush  with  the  outer  edge  of  the  sill  In  this 
case  the  length  of  a  wall-to-wall  common  joist 
will  be  the  distance  between  the  outer  edges  of 
the  sills,  minus  twice  the  thickness  of  a  header 
joist 


The  length  of  the  common  joist  required  to 
cover  a  given  span  between  an  outside  wall  and  a 
girder  varies  with  the  character  of  the  wall 
framing  and  also  with  the  manner  in  which  the 
joists  are  framed  to  the  girder.  The  length  of  the 
common  jolJt  required  to  cover  a  given  span 
between  two  girders  varies  with  the  manner  in 
which  the  joists  are  framed  to  the  girders,  Joi^Js 
which  lap  a  girder  with  full  bearing  (meaning 
joists  which  extend  all  the  way  across  t^s  top  of 
the  girder)  must  obviously  be  longer  than  joists 
which  butt  each  other  on  the  top  ofc  girder. 
Joists  in  hangers,  which  butt  against  the  sides  of 
a  girder,  are  shorter  than  joists  which  butt  each 
other  on  top  of  a  girder 

The  whole  floor-framing  situation  must  be 
studied  closely  before  a  common  joist  pattern  is 
cut.  Whenever  possible,  the  cutting  of  u  pattern 
should  be  delayed  until  the  sills,  headers,  and 
other  supporting  or  abutting  members  are 
erected.  The  joist  length  can  then  be  determined 
by  measurements  taken  on  the  actual  structure. 
Whenever  possible,  the  common  joist  pattern 
should  be  tried  on  the  actual  structure  for  a  fit 
before  any  joists  are  cut  from  it. 

The  location  of  ajoist  end  is  marked  on  a  sill 
or  a  header  joist  by  squaring  a  line  across  and 
drawing  an  X  alongside  it.  The  X  indicates  the 
side  of  the  line  on  which  the  joist  end-section  is 
to  be  placed. 

The  location  of  one  of  the  outside  joists  is 
marked  first,  and  the  locations  of  the  others  are 
then  measured  off  from  this  one  in  accordance 
with  the  specified  spacing  of  joists  0,C 

Figure  9-9  shows  the  method  of  laying  out 
joist  locations  on  the  header  joists  in  a 
platform-frame  box  sill,  in  which  the  headers 
and  outside  joists  come  flush  with  the  outer 
edges  of  the  sill. 

Before  you  start  laying  out  the  joist 
locations,  you  should  study  the  floor  framing 
plan  to  learn  the  locations  of  any  double 
trimmers  which  will  be  needed  to  provide 
additional  support  around  floor  openings. 
Locations  of  double  trimmers  are  marked  with 
two  lines  and  two  XV  The  locations  of  cripples 
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Figure  9-9,-Joift  location  layoiit-platfornvframG  box  sill  auembiy  with  header  joim . 
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are  marked  the  same  as  the  locations  of  common 
joists,  but  with  the  word  CRiP  written  in 
alongside, 

JOIST  ERECTION 

The  usual  procedure  for  erecting  joists  is  as 
follows:  if  there  are  any  header  joists,  these 
joists  are  cut  and  erected  first.  As  a  general  rule, 
the  length  of  a  platform-frame  header  is  equal  to 
the  shortest  distance  between  the  outer  edges  of 
the  sills.  Header  joists  are  toenailed  to  the  sills 
with  J  G-penny  nails  spaced  !6in.CVC 

As  soon  as  a  common  joist  pattern  has  been 
laid  out  and  cut  as  previously  described,  a 


CUTTING  PARTY  starts  cutting  common  joists. 
As  each  joist  is  cut,  a  two-person  CARRYING 
PARTY  carries  it  to  its  location  and  lays  it  flat 
across  the  span,  A  two-person  CONSTRUCTION 
PARTY  (one  person  at  each  end  of  the  span) 
erects  the  outside  joists  first.  Each  of  these  is 
toenailed  down  to  the  sill  or  plate  with 
1 0-penny  nails  spaced  16  in,  0,C,  and 
end-nailed  through  the  headers  with  three 
16-penny  nails,  (See  table  Incidentally, 
many  joists  have  a  slight  curve  to  them,  and  the 
convex  edge  of  a  joist  is  called  the  CROWN,  A 
joist  should  always  be  placed  with  the  crown 
UP, 

Next  the  joists  lying  between  the  outside 
joists  are  set  on  edge  and  the  ends  of  each  joist 
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Figur*  9-10,-Fnmtng  around  floor  opening. 


are  toenailed  down  to  the  sill  or  plate  with  two 
10-penny  nails,  one  on  each  side  of  the  joist. 
Only  the  inner  trimmer  of  each  pair  of  trimmers 
is  erected  at  this  time,  and  no  cripples  are  cut  at 
this  time.  If  it  is  necessary  to  splice  the  juisb 


over  a  girder  or  center  beam,  each  joist  should 
be  toenailed  to  the  girder  beam  with  10-penny 
naih;  then  nailed  to  each  other  with  three  or 
four  16'penny  nails.  If  a  nominal  2*in.  scab  is 
used  across  butt-ended  joists,  it  should  be  nailed 
to  each  joist  with  at  least  three  I6-penny  nails  at 
each  side  of  the  joist.  After  all  the  common 
joists,  and  trimmers  have  been  set  on  edge  and 
toenailed,  the  joists  are  plumbed  and 
temporarily  braced  as  follows: 

A  temporary  brace  (usually  a  1  by  6)  is  then 
laid  across  the  tops  of  the  joists  at  the  center  of 
the  span.  The  outer  ends  of  this  brace  are  tacked 
down  to  the  outside  joists  with  8-penny  nails, 
driven  only  part-way  in  to  allow  for  ease  in 
extraction  when  the  brace  is  removed.  Beginning 
with  the  joist  next  to  an  outside  joist,  the  joists 
are  plumbed  consecutively,  and  as  each  joist  is 
plumbed,  it  is  braced  with  an  8-penny  nail, 
driven  through  the  brace  into  the  joist. 

A  joist  that  butts  against  a  header  is  plumbed 
b>  lining  up  the  joist  end  with  the  perpendicular 
location  line  on  the  header.  When  the  joist  is  in 
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Ftgur*  9*11-— First  rtej>  in  framing  around  floor  opening. 
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plumb  position,  it  is  nailed  at  the  ends  with 
20*penny  nails,  2  to  each  end,  driven  through 
the  header  into  the  joist, 

FRAMING  AROUND 
FLOOR  OPENINGS 

Where  a  floor  opening  occurs,  such  as  a 
stairway  opening,  the  parts  of  the  common  joists 
which  would  extend  across  'f  there  were  no 
opening  must  be  cut  away.  The  segments 
remaining  on  either  side  of  the  opening  are 
called  CRIPPLE  or  TAIL  ioists.  The 
wall-owning  ends  of  cripples  are  framed  against 
HEADERS,  as  shown  in  figure  9-10. 
Specifications  usually  require  that  headers  be 
doubled-sometimes  tripled,  Tne  location  of  the 
headers  are  determined  from  a  study  of  the  floor 
framing  plan. 

Headers  are  framed  between  the  fulMength 
joists  which  he  on  either  side  of  the  floor 
opening.  These  joists  an;  called  TRIMMERS,  and 


they,  too,  are  usually  doubled  or  tripled. 
Headers  up  to  6  ft  in  length  are  fastened  with 
nails,  driven  through  the  trimmers  into  the  ends 
of  the  headers.  Headers  more  than  6  ft  in  length 
should  be  fastened  with  joist  hangers.  Next  the 
length  of  a  header  is  determined  by 
measurement  of  the  shortest  distance  between 
the  inside  trimmers.  The  four  pieces  of  joist 
stock  which  will  form  the  double  headers  are 
then  cut  to  correct  length,  after  which  the 
outside  header  of  each  pair  is  set  in  place  and 
fastened  to  the  inside  trimmers  with  nails  driven 
through  the  trimmers  into  the  ends  of  the 
headers,  as  shown  in  figure  9-1 1 , 

Once  the  outside  headers  are  in  place,  the 
lengths  of  the  cripple  joists  can  be  determined 
by  simple  measurement.  The  cripples  are  cut,  set 
in  place,  plumbed,  fastened  at  the  outer  ends 
like  common  joists,  and  fastened  at  the 
floor-opening  ends  with  nails  driven  through  the 
outside  headers  into  the  ends  of  the  cripples,  as 
shown  in  figure  9-1  2, 


Rgurft  9^2,— Sftoonti  tttp  'n  framing  around  floor  opening, 
<M1 
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Next  the  inside  headers  are  fastened  to  the 
outside  headers  and  fastened  to  the  inside 
trimmers  with  !6-penny  nails,  which  are  nailed 
through  the  trimmers  into  the  ends  of  the 
headers  (fig,  9-13)*  Finally  the  outside  trimmers 
are  set  in  place  and  nailed  to  the  inside  trimmer 
with  16-penny  nails  spaced  1 2  in.  0,C,  as  shov/n 
in  figure  9-14* 


FLOOR  FRAMING 
UNDER  PARTITION 


A  PARTITION  is  a  wall  other  than  one  of 
the  outside  walls  of  the  structure*  An 
upperstory  partition  is  not  always  supported  by 
a  partition  located  directly  under  i£  on  the  story 
below*  When  it  is  not.  the  floor  must  be 
strengthened  to  carry  the  load  of  the  partition. 
Foi  a  partition  running  parallel  to  the  lines  of 


the  joists,  strengthening  is  accomplished  by 
doubling  the  joist  under  the  partition  (fig.  9-15)* 

The  joist  is  doubled  by  nailing  two  joists  to  & 
series  of  SOLID  BRIDGES,  usually  placed  from 
14  to  20  in*  OX.  The  bridges  must  separate  the 
joists  by  the  width  of  the  partition  sole  plate,  to 
insure  that  the  upper  edges  of  the  joists  will  be 
available  as  nailing  surfaces  for  the  finish 
flooring.  Sole  ylate  storx,  cut  in  lengths  equal  to 
the  depth  of  the  joist,  is  the  best  material  to  use 
for  the  bridging* 

For  a  partition  vhlch  runs  across  rather  than 
pantile!  to  the  joists,  every  other  joist  in  me 
floor  (or  every  joiit,  if  so  specified)  is  doubled  in 
the  same  manner. 

FLOOR  FRAMING 

AT  WALL  PROJECTIONS 

Tiw  framing  for  a  wail  projection,  such  as  a 
ba\  window  or  fint  or  second  floor  extensions 
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outside  trimmer 


hails 

12  IN  OC 


Figure  9-14,-Fourth  nap  in  framing  around  floor  opening. 
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Figure  Mfc-Mathod  of  doubling  join  under  partition. 


<M3 


.  J 

BUILDER  3  &  2 


beyond  the  lower  wall,  should  generally  consist 
of  the  projection  of  thfe  floor  joists.  (See  fig. 
9-1 6.)  This  extension  normally  Should  not 
exceed  24  in.  upless  designed  specifically  for 
greater  projections,  which  may  require  special 
anchorage  at  the  opposite  e^ds  of  the  joists.  The 
joists  forming  each  side  of  the  bay  should  be 
doubled.  Nailing,  in  general,  should  conform  to 
that  for  stair  openings.  The  subflooringis  carried 
to  and  sawed  flush  with  the  outer  framing 
member,  Rafters  are  often  carried  by  a  header 
constructed  in  the  main  wall  over  the  bay  area, 
which  supports  the  roofload.  Thus  the  wall  of 
the  bay  has  less  load  to  support. 

Projections  at  right  angles  to  the  length  of 
the  floor  joists  should  generally  be  limited  to 
small  areas  and  extensions,  In  this  construction, 
the  cripple  should  be  carried  by  single  or  double 


joists  (view  B,  of  fig-  9-16).  Joist  hangers  or  a 
ledger  will  provide  good  connections  for  the 
*  ends  of  members. 

BRIDGING 

The  system  of  bracing  the  joists  to  each 
other  is  called  BRIDGING.  The  chief  purpose  of 
bridging  is  to  hold  the  joists  plumb  and  in 
correct  alinement,  but  bridging  also  smes  to 
distribute  part  of  a 'concentrated  heavy  *uad, 
such  as  the  weight  of  a  piano,  over  several  joists 
next  to  those  directly  under  the  load. 

As  soon  as  enough  common  joists  have  been 
erected,  the  installation  of  bridging  begins. 
Cross-bridging  struts  are  nailed  (usually  with 
8*penny  nails)  at  the  top  ends  only  at  this  time. 
Bottom  ends  will  be  nailed  from  below,  after  the 
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Figure  9-16.  -Floor  framing  at  wall  projection*.  A.  Projection  of  joist  for  bay  window  extoniioni  8.  Protection  at  right 
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joists  have  adjusted  themselves  to  the  weight  of 
the  subflooring.  Remember  the  joist  should  be 
placed  with  the  crown  up,  so  that  any 
settlement  under  the  weight  of  the  flooring  will 
tend  toward  a  level  instead  of  toward  a  *ag. 

■There  are  two  types  of  bridging.  CROSS 
bridging  (view  A,  fig.  9-17)  and  SOLID  bridging 
(view  B,  fig.  9-I7C  Cross  bridging  consists  of 
pairs  of  STRUTS  (common  sizes  of  strut  stock 
are  1  by  3,  '  u:  4  2  by  2,  and  2  by  4),  set 
diagonally  between  the  joM*  Solid  bridging 
consists  of  pieces  of  joist-size  stock  set  at  right 
angles  to  the  joists  and  cm  be  staggered  for 
easier  installation,  Compared  to  solid  bridging. 


45.440 

Figure  9  17. -Cross  bridging  and  wild  bridging. 


cross  bridging  is  more  effective  and  more 
frequently  used  m  construction.  Bridging  should 
be  provided  for  all  spans  greater  than  6  ft,  but 
the  maximum  spacing  between  rows  of  bridging 
must  not  exceed  8  ft. 

The  required  length  of  a  cross-bridging  strut 
and  the  required  angle  of  cut  for  the  ends  may 
be  figured  as  follows:  select  a  piece  of  board 
equal  in  width  to  the  ACTUAL  depth  of  a  joist, 
and  4  or  5  in.  longer  than  the  specified  spacing 
of  joists  0,C,  Square  two  lines  across  the  board, 
separated  from  each  other  by  a  distance  between 
the  two  joists.  These  two  lines  represent  the 
opposing  faces  of  the  two  adjacent  joists. 

Next,  sketch  in  the  edge  outline  of  one  of 
the  struts,  as  shown  in  figure  9-18,  using  the 
ACTUAL  thickness  of  the  material.  The 
measured  length  of  tins  outline  is  the  required 
length  of  a  strut.  To  cut  struts  to  this  length  and 
to  the  correct  end-angle,  proceed  to  make  a 
miter  box  as  follows 

First,  edge-butt  a  length  of  2  by  4  to  a 
length  of  2  by  6,  as  shown  in  the  second  and 
third  views  of  figure  9-19,  Then  set  the  framing 
square  on  the  layout,  as  shown  in  the  first  view, 
with  a  convenient  figure  on  the  tongue 
intersected  by  the  lower  end  of  the  strut  outline. 
Note  the  figure  that  the  outline  intersects  on  the 
blade,  as  indicated.  Set  the  framing  square  to 
this  cut  on  the  upper  edge  of  the  2  by  6,  as 
shown  ;n  the  second  view,  and  draw  a  line  along 
the  tongue. 

A  kerf  sawed  square  from  this  line  will  guide 
the  saw  at  the  correct  angle  for  making  the  end 
cuts.  Measure  off  from  the  kerf  the  length  of  a 
strut,  and  nail  a  stop  block  to  the  miter  box  at 
this  point*  as  shown  in  the  third  view.  Struts 
may  now  be  sawed  to  the  correct  length  and  the 
correct  angle  by  placing  the  stmt  stock  on  edge 
in  the  miter  box  with  the  end  against  the  stop 
block. 

The  bridging  is  installed  after  the  joists  have 
bren  set  in  place-  but  before  the  subfiooris  laid. 
At  this  time  only  the  upper  ends  ol  the  struts 
are  nailed.  The  nathng  of  the  lower  ends  is 
postponed  until  after  the  joists  'nave  adjusted  tu 
the  weight  of  the  subflooring. 
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Figure  9-ia-Layout  for  cro*s*bridgir»9  rtruts. 
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bridging  rtrtits.  133.96 


SUBFLOORING 

Subflooring  is  used  over  the  floor  joists  to 
form  a  working  platform  and  base  for  finish 
flooring.  It  usually  consists  of  square-edge  or 
tongue-and-groowd  boards  or  plywood  1/2  to 
3/4  in,  thick,  depending  on  the  type  of  finish 
floor,  and  spacing  of  joists,  as  shown  in  figure 


Boards 


Subflooring  may  be  applied  either  diagonally 
tmost  common)  or  at  right  angles  to  the  joists. 
When  subflooring  is  placed  at  right  angles  to  the 
joists,  the  finish  floor  shculd  be  laid  at  right 
angles  to  the  subflooring*  Diagonal  subflooring 
permits  finish  flooring  to  be  laid  either  parallel 
or  at  right  angles  (most  common)  to  the  joists. 
End  joints  of  the  boards  should  always  be  made 
directly  over  the  joists,  Subflooring  is  nailed  to 
each  joiSt  with  two  8-penny  nails  tot  widths 
under  8  in,  and  three  8-penny  nails  for  8-in. 
widths. 

The  joist  spacing  should  not  exceed  16  in. 
0,C  when  finish  flooring  is  laid  parallel  to  the 
joists  or  where  parquet  finish  flooring  is  used. 

Where  balloon  framing  is  used,  blocking 
should  be  installed  between  ends  of  joists  at  the 
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133-464 

Figure  9-20, -Floor  framing:  1,  Nailing  bridging  to  jouts;  2.  Nri.'tog  board  lubfloor  to  joists;  3,  Wailing  header  to  joirt*, 

4.  Toenailing  header  to  sif ! . 


wall  for  nailing  the  end>  of  diagonal  subfloor 
boards.  (See  fig,  <MJ 

Piywood 

Plywood  can  be  obtained  in  a  number  of 
grades  designed  to  meet  a  broad  range  of  end-use 
requirements.  All  interior-type  grades  are  also 
available  with  fully  waterproof  adhesive 
identical  with  those  used  in  exterior  plywood. 
This  type  is  useful  where  a  hazard  of  prolonged 
moisture  exists,  such  as  in  underpayments,  or 
subfloors  adjacent  to  plumbing  fixtures  and  for 
roof  sheathing  which  may  be  exposed  for  long 
periods  during  construction*  Under  normal 
conditions  and  for  sheathing  used  on  walls, 
standard  sheathing  grades  are  satisfactory. 

Plywood  suitable  for  subfloor,  such  as 
standard  sheathing,  structural  I  and  II,  and  C-C 
exterior  grades,  has  a  panel  identification  index 
marking  on  each  sheet.  These  markings  indicate 
the  allowable  spacing  of  rafters  and  floor  joists 
for  the  various  thicknesses  when  the  plywood  is 
used  as  roof  sheathing  or  subfloor.  For  example, 


an  index  mark  of  32/16  indicates  that  the 
pfywood  panel  is  suitable  for  a  maximum 
spacing  of  32  in.  for  rafters  and  16  in,  for  floor 
joists.  Thus,  no  problem  of  strength  differences 
between  species  is  involved  as  the  correct 
identification  is  shown  for  each  panel. 

Plywood  can  also  serve  as  combined 
plywood  subfloor  and  underpayment,  elim- 
inating separate  underpayment  because  the 
plywood  functions  as  both  structural  subfloor 
and  a  good  substrate.  This  applies  to  thin 
resilient  floorings,  carpeting,  and  other 
nonstructural  finish  flooring. 

Plywood  should  be  installed  with  the  grain 
direction  of  the  outer  plies  at  right  angles  to  the 
joists  and  be  staggered  so  that  end  joints  in 
adjacent  panels  break  over  different  joists. 
Plywood  which  is  1/2  in,  to  3/4  in,  thick  should 
be  nailed  to  the  joist  at  each  bearing  with 
8-penny  common  or  7*penny  threaded  nails. 
Space  nails  6  in,  apart  along  all  edges  and  10  in. 
along  intermediate  members. 

For  the  best  performance,  plywood  should 
not  be  laid  up  with  tight  joints  whether  used  on 
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Figure  9-2*  -Typical  wall  framing  details. 


the  interior  or  exterior.  Allow  1/16-in,  spacing 
at  panel  ends  and  1/8  in.  at  panel  edges.  This 
will  allow  for  expansion  if  moisture  should  enter 
joints. 

WALL  FRAMING 

Wall  framing  (fig.  9-21)  is  composed  of 
regular  studs,  cripples,  trimmers,  headers,  and 
fire  blocks  and  is  supported  by  the  floor 
soleplate.  The  vertical  members  of  the  wall 
framing  are  the  studs,  which  support  the  top 
plates  and  all  of  the  weight  of  the  upper  part  of 
the  building  or  everything  above  the  top  plate 
line  They  provide  the  framework  to  which  the 
wall  sheathing  is  nailed  on  the  outside  and  which 
supports  the  lath,  plaster,  and  insulation  on  the 
inside. 


Walls  and  partitions  classed  as  framed 
constructions  are  composed  of  usually  closely 
spaced*  slender,  vertical  members  called  studs. 
(See  fig.  9-22.)  These  are  arranged  In  a  row  with 
their  ends  bearing  on  a  long  horizontal  member 
called  a  bottom  plate  or  solepiate,  and  their  tops 
capped  with  another  plate,  called  a  top  plate. 
Double  top  plates  are  used  in  bearing  walls  and 
partitions.  The  bearing  strength  of  stud  walls  is 
determined  by  the  strength  of  the  studs. 

The  wall  framing  members  used  in 
Conventional  construction  are  generally  nominal 
2-by4-in.  studs  spaced  16  in*  O.C  Depending 
ou  the  thickness  of  the  covering  material,  24*in* 
spacing  might  be  considered.  Top  plates  and 
soleplateb  are  also  nvminai  2-  by  4-in*  in  size* 
Headers  over  doors  cr  windows  in  load-bearing 
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WALL  SECTION  INPLACE 
WITH  TEMPORARY  BRACING 

133,355 

Figurt  9-22,-Typtcal  wall  construction. 


walls  consist  of  doubled  2- by  4-inT  and  deeper 
members,  depending  on  the  span  cf  the  opening. 

The  requirements  for  wall-framing  lumber 
are  good  stiffness,  good  naiMiolding  ability, 
freedom  from  warp,  and  ease  of  working. 
Species  used  may  include  Douglas  fir,  the 
hemlocks,  southern  pine,  the  spruces,  pines,  and 
white  fir-  It  is  common  practice  to  use  the  third 
grade  for  studs  and  plates  and  the  second  grade 
for  headers  over  doors  and  windows. 

Ail  framing  lumber  for  walls  should  be 
reasonably  dry.  Material  at  about  15-percent 
moisture  content  is  desirable.  When  the  higher 
moisture  content  is  used  (as  studs,  plates,  and 
headers),  it  is  advisable  to  ajlow  the  moisture 
content  to  reach  inscrvice  conditions  before 
applying  interior  trim. 

Ceiling  height  for  the  first  floor  is  8  ft  under 
most  conditions.  It  is  common  practice  to 
rough-frame  the  wall  (subfloor  to  top  of  upper 
plate)  to  a  height  of  8  ft  I  1/2  in.  In  platform 
construction,  precut  studs  are  often  supplied  to 
a  length  of  7  ft  8  5/8  in,  for  plate  thickness  of 
1  5/8  in*  When  dimension  material  is  1  1/2  in. 
thick,  precut  studs  are  7ft  V  in.  long  which 


allow  the  use  of  8-ft  high  drywall  sheets  and  still 
provides  clearance  for  floor  and  ceiling  finish  or 
for  plaster  grounds  at  the  floor  line.  Second- 
floor  ceiling  heights  should  not  be  less  than  7  ft 
6  in.  in  the  clear,  except  for  that  portion  under 
sloping  ceilings.  One-half  of  the  floor  area, 
however,  should  have  at  least  a  7-ft  6*in, 
clearance.  As  with  floor  construction,  two 
genera]  types  of  wall  framing  are  commonly 
used;  platform  construction  and  balloon*frame 
construction.  The  platform  method  is  more 
often  used  because  of  its  simplicity, 

TOP  PLATE  AND  SOLEPLATE 

The  top  plate  serves  two  purposes-to  tie  the 
studding  together  at  the  top  and  form  a  fifiish 
foi  the  walls  (fig.  9-21),  and  to  furnish  a  support 
for  the  lower  ends  of  the  rafters.  The  top  plate 
serves  as  t  connecting  link  between  the  wall  and 
the  roof,  just  as  the  sills  and  girders  are 
connecting  links  between  the  floors  and  the 
walls.  The  plate  is  made  up  of  one  or  two  pieces 
of  lumber  of  the  same  size  as  the  studs.  In  those 
cases  where  the  studs  at  the  end  of  the  building 
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DOUBLE  PLATE 


A  B 
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Figure  £-23.-Plote  construction. 


extend  to  the  rafters,  no  plate  is  used  at  the  end 
of  the  building.  When  it  is  used  on  top  of 
partition  walls,  it  is  sometimes  called  the  cap* 
Where  the  plate  is  doubled,  the  first  plate  or 
bottom  section  is  nailed  with  16-penny  nails  to 
the  top  of  the  comer  posts  and  to  the  studs,  the 
connection  at  the  corner  is  made  as  shown  in 
view  A,  fig.  9-23.  After  the  single  plate  is  nailed 


securely  and  the  corner  braces  are  nailed  into 
place,  the  top  part  of  the  plate  is  then  nailed  to 
the  bottom  section  by  means  of  16-penny  nails. 
The  edges  of  the  top  section  should  be  flush 
with  the  bottom  section  and  the  comer  joints 
lapped,  as  shown  in  views  A  and  B,  fig.  9-23* 

Stud  locations  are  marked  on  soleplates  in 
the  same  manner  as  joist  locations.  The  soleplate 
is  marked  first,  as  shown  in  figure  9-24.  These 
marks  are  then  transferred  to  the  corresponding 
top  plate  or  rafter  plate,  by  "matching"  the  top 
plate  or  rafter  plate  against  the  marked  soleplate 
and  squaring  the  marks  across. 

LAYING  OUT  STUDS 
FOR  CUTTING 

Before  you  can  lay  out  any  studs  for  cutting, 
you  must  calculate  how  long  the  studs  must  be. 
The  best  way  to  do  this  ;s  ta  lay  out  to  full  scale 
on  a  piece  of  stud  stock  certain  data  obtained 
from  the  wall  sections  and  elections,  and  then 
use  the  piece  of  stock  as  a  pattern  for  cutting 
studs. 

A  pattern  layout  for  platform-frame  studs  is 
shown  in  figure  9-25.  Since  the  bottom  of  a 
ptatfornwrame  stud  rests  on  the  soleplate, 
which  in  tum  rests  on  the  subflooring,  you 
should  first  lay  off  the  vertical  distance  between 


mm 

Figure  9*24. -Stud  location  layout.  , 
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-VERTICAL  OlSTANCE  BETWEEN  FINISH  FLOORS 
 '  © 


f  ^THICKNESS  OF  flNlSH  fLOOft 


THICKNESS  Of  SOLE  PLATE 


LENGTH  OF  STUO 


Figure  9*25.P*tt6rn  layout  for  ptatform-frame  stud*. 


mi  10 


the  finish  floors,  MINUS  the  thickness  of  the 
soleplale,  PLUS  the  thickness  of  the  finish  floor. 
This  is  distance  1  in  figure  9-25;  laying  it  off  will 
giv**  you  the  level  of  the  upper  finish  floor.  Lay 
off  back  from  this  level  the  combined  thickness 
of  the  upper  floor  flooring,  the  depth  of  an 
upper  floor  joist,  and  the  thickness  of  the  top 
plate.  You  now  have  the  length  of  a  stud,  as 
shown  in  the  figure. 

After  the  posts,  plates,  and  braces  are  in 
place,  the  studs  are  placed  and  nailed  with  two 
16-penny  nails  through  the  top  plate.  Before  the 
studs  are  set  in  place,  the  window  and  door 
Openings  are  laid  out.  Then  the  remaining  or 
intermediate  studs  arc  laid  out  on  the  soteplates 
by  measuring  from  one  comer  the  distances  the 
studs  are  to  be  set  apart.  Studs  are  normally 
spaced  12,  16,  and  24  in.  O.C.,  depending  upon 
the  type  of  building  and  the  type  of  outside  and 
inside  finish.  Where  vertical  siding  is  used,  studs 
may  be  set  wider  apart  since  the  horizontal 
blocking  between  them  affords  nailing  surface. 

PARTITION 

Partition  walls  are  walls  that  divide  the 
insiie  space  of  a  building.  These  walls  in  most 
cases  are  framed  as  part  of  the  building.  In  cases 
where  floors  are  to  be  installed  after  the  outside 
of  the  building  is  completed,  the  partition  walls 
are  left  unframed.  There  are  two  types  of 


partition  walls;  bearing  and  nonhealing-  The 
bearing  type  supports  ceiling  joists.  The 
nonhealing  type  supports  only  itself.  This  type 
may  be  put  in  after  the  other  framework  is 
installed.  Only  one  cap  or  plate  is  used.  A 
soleplate  should  be  used  in  every  case,  as  it  helps 
to  distribute  the  load  over  a  larger  area  Partition 
walls  are  framed  in  the  same  manner  as  outside 
walls,  and  door  openings  are  framed  as  outside 
openings.  Where  there  are  comers  or  where  vne 
partition  wall  joins  another,  comer  posts  or 
Tposts  are  used  as  in  the  outside  walls;  these 
posts  provide  nailing  surfaces  for  the  inside  wall 
finish.  Partition  walls  in  a  one-story  building 
may  or  may  not  extend  to  the  roof.  The  top  of 
the  studs  has  a  plate  when  the  wall  does  not 
extend  to  the  roof;  but  when  the  wall  extends  to 
the  roof,  the  studs  are  joined  to  the  rafters, 

BRACES 

Bracing  stiffens  framed  construction  and 
helps  to  resist  the  effects  of  winds  or  storms  and 
twisting  or  straining  that  stems  from  any  cause. 
Good  bracing  keeps  comers  square  and  plumb 
and  prevents  warping,  sagging,  and  shifts 
resulting  from  lateral  forces  that  would 
otherwise  te  id  to  distort  the  frame  and  cause 
badly  fitting  doors  and  windows  and  the 
cracking  of  plaster.  There  are  three  commonly 
used  methods  of  bracing  frame  structures. 
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Figure  &-26,-Common  typ«  of  bracing. 
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LET-IN  BRACING,  as  shown  in  view  A,  fig. 
9-26,  is  set  into  the  edges  of  studs  so  as  to  be 
flush  with  the  surface.  The  studs  are  always  cut 
to  let  in  the  braces;  the  braces  are  never  cut. 
Usually  1  by4's  or  1  by  6's  are  used,  set 
diagonally  from  top  plates  to  soleplatcs. 

CUT-IN  BRACING,  as  shown  in  view  B,  fig. 
9*26,  is  toenailed  between  studs.  It  usually 
consists  of  2  by4's  cut  at  an  angle  to  permit 
toenailing,  inserted  in  diagonal  progression 
between  studs  running  up  and  down  from  comer 
posts  to  sill  or  plates. 

DIAGONAL  SHEATHING,  as  shown  in  view 
C  fig*  9-26,  is  a  type  of  bracing  that  is  strongest 
when  applied  diagonally*  Each  board  act*  as  a 
brace  of  the  wall.  If  plywood  shedihing  or 
lumber  is  used,  other  methods  of  bracing  may  be 
omitted. 

GABLE-END  STUDS 

Gable-end  studs  are  installer)  at  the  end  wall 
of  a  wooden  structure  having  a  gable  roof.  In 
order  to  lay  out  gable-end  studs,  you  should  be 
able  to  calculate  the  common  difference  of  a 
gable-end  stud. 

In  figure  9-27,  the  line  AC  indicates  the  level 
of  the  side-wall  rafter  plate,  and  line  AB 
indicates  the  roof  line  oi  the  building. 
Somewhere  on  the  elevations  you  will  find  a 
small  triangle  like  the  one  shown  in  the  upper 
left  of  the  figure.  This  is  called  the  ROOF 
TRIANGLE,  and  it  gives  the  proportion  of  run 
to  rise  in  the  roof.  In  this  case  this  is  also  the 
proportion  of  run  to  rise  between  line  AC  and 
line  AB,  and  the  proportion  is  Sin.  of  rise  to 
every  12  in,  of  run. 

The  lints  DE  and  FG  represent  the  portions 
of  two  gable-end  studs  that  extend  above  the 
level  of  the  top  of  the  side-wall  rafter  plate.  You 
can  calculate  the  length  of  DE  as  follows.  Since 
the  studs  are  spaced  16  in.  O.C.,  the  run  of  the 
right  triangle  AED  is  16  in.  The  rise  of  this 
triangle  is  the  length  of  the  line  DE.  From  the 
roof  tnangle,  you  know  that  the  rise  of  a  similar 
tnangle  with  a  run  of  12  in.  is  8  in.  If  the  rise  of 
a  nght  triangle  with  a  run  of  12  in.  is  8  in.,  the 
rise  of  a  similar  nght  triangle  with  a  run  of  16  in. 
must  be  the  value  of  x  in  the  proportional 


t6"  0  C  4  16* O.C 
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Figure  9*27  .-Calculating  common  difference  of  gable* 
end  studs. 

equation  12:8: :  16:x,  or  10  2/3  in.  The  length  of 
DE,  therefore,  is  10  2/3  in.  Rounded  off  to  the 
nearest  1/16  in.,  this  is  10 1 1/16  in.  The 
common  difference  may  also  be  found  as 
follows.  Multiply  the  cut  of  the  roof,  expressed 
as  a  fraction,  by  the  spacing  of  the  studs. 
Assume  a  roof  cut  of  8  in,  and  12  in.  and 
a  stud  spacing  of  1 6  The  common 
difference  in  the  length  of  the  gable  stud  is 
16  in*  x  S/12  in.  =  10  2/3  in.  Expressed  as  a 
formula,  stud  spacing  x  cut  of  the  roof  = 
common  difference. 

If  the  rise  of  a  right  triangle  for  16  in.  of  run 
is  10  1 1/16  in*,  the  rise  for  twice  as  much  run, 
or  32  in. t  must  be  twice  as  much,  or 
2x  i0  1 1/16  in.;  the  rise  for  three  Amts  as 
much  run  must  be  3  x  10  1 1/16;  and  so  on.  This 
means  that,  moving  inboard  from  the  rafter 
plates,  each  gable*end  stud  is  10  1 1/16  in.  longer 
than  the  preceding  gable-end  stud. 

Knowing  this,  you  can  lay  off  the  lengths  of 
the  gable-end  studs  by  laying  off  10  n/l6in. 
(which  is  called  the  common  difference  of 
gable-end  studs)  progressively  for  each  stud, 
from  the  shortest  to  the  longest,  in  either  side  of 
the  end  wall.  The  top  end  cut  of  the  gable  stud 
is  laid  out  by  using  the  cut  of  the  roof  and 
marking  on  the  rise  side. 
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FRAMING  ALLOWANCE 

The  studs  around  wall  openings  require 
special  treatment.  First  locate  the  centerline  of 
the  opening  by  examining  the  floor  plan,  bay 
that  the  opening  is  a  door  and  that  the  plan 
shows  that  the  centerline  of  thii  door  lies  7  ft 
5  in.  from  one  of  £he  building  comers.  Measure 
this  off  and  square  a  line  across  the  sill  or  plate 
at  this  point.  Next  look  on  the  door  schedule 
and  find  the  width  of  this  door.  Say  that  it  is 
Door  A,  and  you  find  that  Door  A  is  3  ft  wide. 
Lay  off  one^half  of  this,  or  1  ft  6  in.,  on  either 
side  of  the  centerline  and  square  lines  across. 

These  lines  mark  the  boundaries  of  the 
FINISHED  door  opening.  The  trimmer  studs  on 
either  side  of  the  opening  must  be  located  at  the 
boundaries  of  the  ROUGH  opening.  To  get  the 
width  of  the  rough  opening,  you  add  a 
FRAMING  ALLOWANCE  to  the  width  of  the 
finished  opening.  First,  the  width  of  the  rough 
opening  must  exceed  the  width  of  the  finished 
opening  by  the  combined  thicknesses  of  the 
SIDE  JAMBS  on  the  door,  less  the  combined 
width  of  the  rabbets  if  the  door  fits  into  rabbets 
cut  in  the  side  jambs. 

Besides  the  allowance  for  the  thickness  of 
the  jambs,  you  must  make  an  additional 
FRAMING  ALLOWANCE.  As  you  will  see  later, 
the'si*ie  jambs  are  wedged  in  piace  with:  wooden 
wedges,  driven  between  the  jambs  and  the 
trimmers.  The  usual  wedging  allowance  should 
be  1/4  to  1/2  in.  on  both  sides. 

To  mate  all  this  clear,  look  af  figure  9-28 
which  shows  the  side  jambs  and  the  head  jamb 
of  a  door  frame  wedged  in  place  in  the  rough 
opening.  The  width  of  the  finished  opening, 
which  is  the  same  as  the  width  of  the  door,  is 
the  horizontal  distance  between  the  side  jambs. 
The  width  of  the  rough  opening  is  the  same 
horizontal  distance,  plus  the  combined  width  of 
the  jambs,  plus  the  combined  width  of  the 
wedging  allowance. 

The  widtn  of  the  finished  opening,  which  k 
the  same  as  the  width  of  the  door,  is  the 
horizontal  distance  between  the  side  jambs.  The 
width  of  the  rough  opening  is  the  same 
horizontal  distance,  plus  the  combined  width  of 
the  jambs,  plus  the  combined  width  of  the 
wedging  allowance. 


To  locate  the  trimmers,  lay  off  on  either  side 
of  the  centerline,  one-half  the  width  of  the  door, 
plus  the  thickness  *>£a  side  jamb,  which  should 
be  measured  on  the^actual  stock,  plus  the 
wedging  allowance  (usually  1/2  in,)*  Mark  the 
trimmer  locations  with  the  word  TRIM,  and 
postpone  die  cutting  of  the  trimmers  until  after 
the  header  has  been  cut  and  set  in  place. 

The  header  will  be  nailed  between  the  first 
two  full-length  studs  lying  outside  the 
boundaries  of  the  finished  opening.  To  locate 
the  header  at  the  right  height,  you  must  add  to 
the  height  of  the  door  a  framing  allowance  as 
follows.  You  must  make  allowance  for  the 
thickness  of  the  head  jamb  and  also  for  the 
depth  of  the  SIDE  JAMB  LUGS.  The  sidejamb 
lugs  are  the  portions  of  the  side  jambs  which 
extend  above  the  head  jamb  dadoes.  Since  you 
will  be  measuring  from  the  top  of  the 
subflooring  and  since  the  bottom  of  the  door 
will  have  to  clear  the  finish  flooring*  you  must 
allow  for  the  thickness  of  the  finish  flooring.  If 
there  is  to  be  a  threshold  under  the  door,  you 
must  allow  for  the  thickness  of  the  thieshold.  If 
there  will  be  no  threshold,  you  mast  add  a 
CLEARANCE  ALLOWANCE  which  will  permit 
the  door  to  swing  clear  of  any  nags  or  carpets. 
The  usual  clearance  allowance  is  5/8  in.,  which  is 
also  the  usual  thickness  of  a  threshold.  If  the 
carpeting  is  to  be  extra  thick,  the  clearance 
alios  mce  may  have  to  be  more  than  5/8  in. 

i  he  framing  allowance  for  a  window 
opening  is  calculated  as  follows:  locate  and  mark 
the  window  centerline  and  lay  off  on  either  side 
of  the  centerline  one-half  the  width  of  the 
window*  as  obtained  from  the  window  schedule. 
Allow  1/4-  to  1/2  in.  wedging  allowance  on  both 
sides.  This  w\l  locate  the  limits  of  the  finished 
window  opening.  The  top  header  and  sub  sill 
heider  will  be  set  between  the  firsr  two 
full-fength  studs  lying  outside  these  limits. 

Further,  the  window-opening  layout  should 
be  postponed  until  the  subsill  header  has  been 
set  in  place.  The  height  of  the  subsill  header  is 
determined  by  examining  the  appropriate 
elevation,  the  height  of  the  top  of  the  window 
sill  above  the  finish  flooring.  Since  you  will  be 
measuring  from  the  subflooring,  add  the 
thickness  of  the  finish  flooring.  From  this, 
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Figure  9-28,- Door  framing  allowance. 
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subtract  the  thickness  of  the  window  sill,  plus 
the  sill  BEVEL  ALLOWANCE,  or  the  amount 
that  the  sill  will  be  raised  by  tilting.  This  is 
usually  about  3/4  in.  To  sum  up,  the  height  of 
the  top  of  the  subsili  header  above  the  finish 
flooring  will  be  the  vertical  distance  between  the 
top  of  the  window  sill  and  the  top  of  the  finish 


floor,  MINUS  the  thickness  of  the  window  sill, 
the  sill  bevel  allowance  (usually  3/4  in,},  and  the 
thickness  of  the  finish  flooring. 

The  next  step  is  to  locate  the  top  header  at 
the  proper  height.  On  the  elevation  you  will  find 
the  vertical  distance  between  the  finished  first 
floor  line  and  the  bottom  of  the  window  head 
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jamb*  Since  you  will  measure  this  distance  from 
the  top  of  the  subfloor*  adi  to  it  the  thickness 
of  the  finish  floor.  Next,  add  the  thickness  of 
the  head  jamb  plus  the  depth  of  the  window  side 
jamb  lu?s>  whi^h  are  similar  to  those  on  *  door. 
Toe  total  will  be  the  vertical  distance  between 
the  top  of  the  subfloot  anj  the  bottom  of  the 
top  header. 


As  the  span  of  the  opening  increai  s,  it  is 
ne<.essar>  to  increase  the  depth  of  the  headers  to 
support  the  ceiling  and  roofloads,  A  header  is 
made  up  of  two  2-in,  members,  usually  spaced 
with  I/2-in,  lath  or  wood  strips,  all  of  which  art 
nailed  together,  (Ses  fig.  9  29.)  They  are 
supported  at  the  *>nds  by  the  innef  studs  of  the 
double-stud  ,oint  at  exterior  walls  and  interior 


1/2  spacer 


Hail  stuo  to  header 
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Figure  9-29,-Headem  for  windows  and  door  openings, 
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bearing  walls.  The  following  sizes  might  be  used 
as  a  guide  for  headers: 

MAXIMUM  SPAN  (ft)      HBADbR  SIZE  (in.) 


3  1/2 
5 

6  1/2 
8 


2  by  6 
2  by  8 
2bv  10 
2  by  12 


For  other  than  normal  light-frame 
construction  j  an  independent  design  may  be 
necessary.  Wider  openings  often  require  trussed 
headers,  which  may  also  need  special  design. 

To  locate  the  trimmers  proceed  as  follows: 
transfer  the  window  centerltne  to  tne  subsill 
header  and  lay  off  on  either  side  of  it  one-half 
the  width  of  the  window  schedule.  Add  on 
either  side  a  framing  allowance  consisting  of  the 
thickness  of  the  side  jamb  plus  a  wedging 
allowance  of  1/4  to  1/2  in.  on  each  side. 

Location  of  the  atuds,  headers*  and  sills 
around  window  openings  should  conform  to  the 
rough   opening  sizes  recommended   by  the 


manufacturers  of  the  millwork.  The  framing 
height  of  the  bottom  of  the  window  and  door 
headers  should  be  based  on  the  door  heights, 
normally  6  fi  Sin.  for  the  main  floor,  Thus  to 
allow  for  the  thickness  and  clearance  of  the  head 
jambs  of  window  and  door  frames  and  the  finish 
floor,  the  bottoms  of  the  headers  are  usually 
located  6- ft  lOin,  to  fr-ft  1 1-in.  above  the 
subfloor  depending  on  the  type  of  finish  floor 
used. 


BALLOON  CONSTRUCTION 

As  described  earlier  in  this  chapter,  the  main 
difference  between  platform  and  balloon 
framing  is  that  studs  extent*  from  the  sill  of  the 
first  floor  to  the  top  plate  or  end  rafter  of  the 
second  floor  whereas  the  platform-framed  wall 
is  complete  for  each  floor. 

In  balloon-frame  construction,  both  the  wall 
studs  and  the  floor  joists  rest  on  the  anchored 
sill.  (See  fig.  9-30.)  The  studs  and  joists  are 


Figure  9-3G.-~Wa!l  framing  used  in  balloon  construction. 
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toenailed  to  the  sifl  with  8-penn>  nails  and 
nailed  to  each  other  with  i6-penny  nails. 

The  ends  of  the  secQjid*floor  joists  bear  on  a 
1-by+in.  ribtxih  that  has  been  let  into  the 
studs.  In  addition,  the  joists  aie  naileJ  to  the 
studs  at  these  connections.  (See  fig.. 9-30.)  The 
end  joists  parallel  to  the  exterior  on  both  the 
second  floors  are  also  nailed  to  each  stud. 

Other  nailing  details  should  conform  in 
general  to  those  described  for  platform 
construction.  ^ 

In  most  areas,  building  codes  require  th^t 
firestops  be  used  in  balloon  framing  to  pfevent 
the  spread  of  fire  through  the  open  wall 
passages.  These   firestops  are  ordinarily  oi 


2-by  4-in.  blocking  placed  between  the  studs  or 
as  required  by  local  regulations.  (See  fig.  9-30.) 

Because  there  is  less  potential  shrinkage  in 
exterior  walls  with  balloon  fraiping  than  in  the 
platform  type,  Walloon  framing  is  occasionally 
preferred  over  the  platform  type. 


PLATFORM  CONSTRUCTION 

The  wall  framing  in  platform  construction  is 
erected  above  the  subfloor  which  extends  to  all 
edges  of  the  building,  as  shown  in  figure  9-31.  A 
combination  of  platform  construction  for  the 
ffrst  floor  siJewalls  and  full-length  studs  for  end 
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walls  extending  to  end  rafters  of  the  gable  ends 
■is  commonly  used  in  single-story  houses. 

One -common  method  of  framing  is  the 
horizontal  assembly  {on  the  subfloor)  or 
"tilt-up"  of  wall  sections.  When  a  sufficient 
work  crew  is  available,  full-length  wall  sections 
are  erected.  Otherwise,  shorter  length  sections 
easily  handled  by  a  smaller  crew  can  be  used. 
Jhis  system  involves  laying  out  precut  studs, 
window  and  door  headers,  cripple  studs 
(short-length  studs),  and  windoiysills.  Top  and 
soleplates  are  then  nailed  to  all  vertical  members 
anfi  adjoining  studs  to  headers  and  sills  with 
If^penny  nails.  Let-  -i  corner  bracing  should  be 
provided  when  required.  The  entire  section  is 
then  erected,  plumbed,  and  braced. 

A  variation  of  this  system  includes  fastening 
the  studs  only  at  the  top  plate  and,  when  the 
wall  is  erected,  toenailing  studs  to  the  soleplates 
which  have  been  previously  hailed  to  the  floor. 
Corner  studs  and  headers  are  usually  nai'ed 
together  beforehand  to  form  a  sfngle  unit. 
Complete  finished  walls  with  windows  and  door 
units  in  place  and  most  of  the  siding  installed 
can  also  be  fabricated  in  this  manner. 

When  all  exterior  wails  have  been  erected, 
plumbed,  and  braced,  the  remaining  nailing  is 
completed*  Soleplates  are  nailed  to  jthe  floor 
joists  and  headers  or  stringers  {through  the 
subfloor),  corner  braces  (when  used)  are  nailed 
to  studs  and  plates,  door  and  window  headers 
are  fr 'ened  to  adjoining  studs,  and  cornerstuds 

.  are  nailed  together. 

Several  arrangements  of  studs  at  outs'}  d$ 
corners  can  be  used  in  framing  the  walls  of  a 
structure*   Figure  C-3  1   shows  *  one  method 

Icommonly  used.  Slocking  between  two  comer 
stu^s  whic]i  provides  a  nailing  edge  for  interior 
finish  is  shown  in 'view  A,  fig,  9-3Z  View  B  and 
C  of  figure  9-32  shown  other  methods  of  stud 
arrangement  to  provide  the  ^needed  interior 
nailing  surfaces  as  well  as  good  comer  support. 
Interior  walls  should  bf  well  fastened  to  all 
extenor  walls  they  intersect  The  intersection 
shouio  also  provide  nailing  surfaces  for  the 
plaster  base  or  dry-wall  finish.  This  may  be 
accomplished  by  doubling  the  outside  studs  at- 
the  interior  walFIine  as  shown  in  view  A,  flg. 
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Figure  9-32,-Exemple*  of  comer  dud  assembly;  A. 
Standard  outside  corner  B,  Spade)  corner  wrth  lath 
filler  C  Specie!  comer  without  lath  filler. 
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9-33*  Another  method  used  when  The  intenu* 
wall  joins  the  exterior  wall  between  btuds  is 
shown  in  view  B»  fm  9-33» 

Short  sections  of  2-by4-in,  blocking  are 
ujed  between  studs  To  support  and  provide 
backing  for  a  l~by6-in.  nailer.  A  2-  by  6-in, 
vertical  member  might  also  be  used, 


The  same  general  arrangement  uf  members  if 
used  at  the  intersection  or  crossing  of  interior 
walls.  Nailing  surface  must  be  provided  in  some 
form  or  another  at  ail  interior  comers. 

After  all  walls  are  erected,  a  second  top  plate 
is  added  that  iaps  the  fim  at  comers  anu  wall 
intersections.  (See  fig,  9-31,)  This  gives  an 
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F#ure  £33,  -Imtrstction  of  interior  wall  with  txtencr  wail.  A,  ft<th  doubled  rtuds  on  outeitfe  wail  B.  Partition 
/  between  otrttida  rtudi. 
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additional  tie  to  the  framed  walls,  These  top  END-WALL  FRAMING 
plates  can,  also  be  partly  fastened  in  place,  when 

the  wall  is  in  a  horizontal  position.  Top  plates  The  framing  for  the  end  walls  in  j-latform 

are  naded  together  with  16-penny  naib  spaced  and   balloon   construction  varies  somewhat 

16  in-  apart  and  with  two  naib  at  -jach  wall  Figure  9-34  shows  a  commonly  used  method  of 

intersection.  Walls  are  normally  plunbed  and  wall    and    ceiling    framing    for  piatform 

alined  before  the  top  plate  is  added.  By  using  constmction  in  i  1/2-  or  2-story  structures  >vith 

l-by6-  or  I-by^in,  temporary  braces  on  the  finished  rooms  above  the  first  floor.  The  floor 

studs  between  intersecting  partitions,  a  straight  joist  is  toenailed  to  the  t^p  wall  plate  with  nails 

wall  is  assured.  These  braces  ire  nailed  to  the  spaced  16  in,  on  center.  The  subfloor,  soleplate, 

studs  at  the  top  of  the  wall  and  to  a  2*  by  4-in*  and  wall  framing  are  then  installed  in  the  first 

block  fastened  to  tie  subfloor  or  joists.  The  and  second  floors.  (See  fig,  9-35.) 

temporary  bracing  may  be  left  in  place  until  the  As  for  the  first  floor*  2-  by  4-in.  firestops  are 

ceiling  and  the  roof  framing  are  completed  and  ^ut  between  each  stud.  The  subfloor  is  applied 

sheathing  is  applied  co  the  outside  walls.  in  a  normal  manner.  Details  of  the  sidewall 
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Figure  9-3S.-fcnd-wall  framing  for  balloon  construction  {inaction  vt  flrst  floe* <#t\.rt$      uppef  stu^  floor  framing). 


supporting  the  enJs  of  the  joists  are  shown  in 
figure  9-35. 

INTERIOR  WALLS 

The  intenor  walls  in  a  structure  with 
conventional  joist  and  rafter  roof  construction 
are  normally  located  to  ser\$  as  bearing  walls  for 
the  ceiling  joists  as  well  as  room  dividers.  Walls 
located  ^parallel  to  the  direction  of  the  joists  are 
commonly  nonload  bearing. 

Spacing  of  the  studs  is  usually  controlled  by 
the  thickness  of  the  covering  material.  For 
example,  24-in.  stud  spacing  may  require  1/2-in, 
gypsum  board  for  dry-wall  intenor  covering. 

The  interior  walls  are  assemhled  and  erected 
in  the  same  manner  as  exterior  walls,  with  a 
single  bottom  (sole)  plate  and  double  top  plates. 
The  upper  top  plate  is  used  to  lie  intersecting 


and  crossing  walls  to  each  othei .  \  single 
framing  stud  can  be  used  at  each  side  of  a  door 
opening  in  n  on  load-bearing  partitions*  but  they 
must  be  doubled  for  ioad-bearing  walls.  Thus, 
location  of  the  walls,  and  size  tud  spacing  cf  Uie 
*tuds  are  determined  by  Uie  room  size  desired 
and  type  0f  interior  covering  ^eleaeu.  The 
bottom  chords  of  the  trusses  are  used  to  fasten 
and  anchor  crowing  partitions,  When  partition 
wails  are  parallel  to  and  located  between  trusses, 
they  are  fastened  to  2*  by  4-in.  blocks  which  are 
nailed  between  the  lowei  chords, 

LATH  NAILERS 

During  the  frairingof  walls ^nJ  ceilii.?s,  it  is 
necessary  to  provide  for  both  verticil  and 
horizontal  fastening  of  plasterbase  lath  or  dry 
wall  at  all  inside  corners.  See  figures  9-32  and 
9-33,  which  illustrate  comer  and  intersecting 
wall  construction  and  also  show  lath  nailers. 
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Figure  &*36*-Hori£omal  lath  catchers  at  ceiling:  A, 
U*tng  ceiling  joists  over  ttiri  wall  6.  Lath  naifor 
between  ceiling  joirts  C,  Stud  wall  at  right  an#&  to 


Horizontal  la  til  nailers  at  the  junction  of 
wall  and  ceiling  framing  may  be  provided  in 
several  ways.  View  A,  figure  9-36,  shows  double 
ceiling  joists  above  the  wait,  spaced  so  that 
nailing  surface  is  provided  by  each  joist.  In  view 
B,  figure  9-36,  the  parallel  wall  is  located 
between  two  ceiling  joists.  A  l-byfrin,  lath 
nailer  is  placed  and  nailed  to  the  top  plates  with 
backing  blocks  spaced  on  3-  to  4-ft  centers*  A 
2- by  &'m.  member  might  also  be  used  heie  in 
place  of  the  1  by  6. 

When  the  partition  wall  is  at  a  right  angle  to 
the  ceiling  joists,  one  method  of  providing  lath 
nailers  is  to  let  in  2-  by  6-in.  blocks  between  the 
joists.  (See  fig,  9-36.)  They  are  nailed  directly  to 
the  top  plate  &n&  toenailed  to  the  ceiling  joists. 

CEILING  JOISTS 

After  exterior  and  interior  walls  are 
plumbed,  braced  and  top  plates  added,  ceiling 
joists  can  be  positioned  and  nailed  in  place. 
They  are  normally  placed  across  the  width  of 
the  structure,  as  are  the  rdfters.  The  partitions  of 
the  structure  are  usually  located  so  that  ceiling 
joists  of  even  lengths  (JO,  !2,  1 4,  16  ft.  and  so 
on)  can  be  used  without  waste  to  span  from 
exterior  walls  to  loadbearing  interior  walls.  The 
sizes  of  the  joists  depend  on  the  span>  wood 
species,  spacing  between  Joists*  and  the  load  on 
the  second  floor  or  attic 

When  preassembled  trussed  rafters  (roof 
trusses)  are  used*  the  lower  chord  acts  as  the 
ceiling  joist.  The  truss  also  eliminates  the  need 
for  load-bearing  partition.  . 

Second  grides  of  the  various  species  arc 
commonly  used  for  ceiling  joists  and  rafters.  It  is 
also  desirable,  particularly  in  two-story 
structures  and  when  hiaterial  is  available,  to 
limit  the  moisture  content  of  the  second-floor 
joists  to  no  more  than  15  percent.  This  applies 

wefJ  to  other  lumber  used  throughout  the 
building. 

Ceiling  joists  are  used  to  support  ceiling 
finishes.  They  often  act  as  floorjoists  for  second 
and  attic  floors  and  as  ties  between  exterior 
walls  and  interior  partitions.  Since  ceiling  joists 
afso  serve  as  tension  members  to  resist  the  thmsf 
of  the  rafters  of  pitched  roofs*  they  must  H 
securely  nailed  to  the  plate  at  outer  and  inner 
walls.  They  arc  also  naiied  together,  directly  or 
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with  wood  or  metal  cleats,  where  they  cross  or 
join  at  the  load-bearing  partition  or  to  the  rafter 
at  the  exterior  walls.  (See  view  A  and  B,  fig. 
9-31.) 

In  areas  of  seve/e  windstorms,  the  use  of 
metal  strapping  or  other  systems  of  anchoring 
ceiling  and  roof  framing  to  the  wati  is  a  good 
practice.  When  idling  joists  are  perpendicular  to 
rafters,  collar  beams  and  cross  ties  should  be 
used  tc  resist  thrust. 


FLUSH  CEILING  FRAMING 

In  many  structural  designs,  a  wide, 
continuous  ceiiing  area  between  the  two  rooms 
is  often  desirable.  This  can  be  created  with  a 
flush  beam>  whic\  replaces  the  load-bearing 
partitions  used  in  the  remainder  die  structure. 
A  naiMaminated  beam,  designed  to  carry  the 
ceiling  load,  supports  the  ends  of  the  joists. 
Joists  are  toenailed  into  the  beam  and  supported 
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Fisure  &-37.-CaSiift9  join  comwctkHu.  A.  At  comer  partition  with  joist*  lapped  ot  butted  B.  At  outside  wall. 
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by  metal  joist  hangers,  as  shown  ;n  view  A, 
figure  9-38  or  by  wood  hangers.  (See  view  B,  fig. 
9-380  To  resist  the  thrust  of  the  rafters  for 
longer  spans,  it  is  often  desirable  to  provide 
added  resistance  by  using  metal  strapping. 
Strapping  should  be  nailed  *.o  each  opposite  joist 
with  three  or  four  8-penny  Kails. 


POST  AND  BEAM  FRAMING 

In  sdiie  structures,  exposed  beams  are  often 
a  part  of  the  interior  design  and  may  also  replj  e 


interior  and  exterior  load-bearing  walls.  With 
post  and  beam  construction,  exterior  walls  can 
become  fully  glazed  panek  between  po:ts, 
requiring  uo  other  support.  Areas  Delow  interior 
beams  within  the  house  can  remain  open  or  can 
be  closed  in  with  wardrobes*  cabinets,  or  light 
curtain  walls. 

This  type  of  construction,  while  not 
adaptable  to  many  styles  of  architecture,  is 
simple  and  straightforward.  Howevfer,  design  of 
the  structure  should  take  into  account  the  need 
f>r  shear  or  racking  resistance  of  the  exterior 
walls.  This  is  usually  accomplished  by  solid 
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Figure  fy»33.—Fiu*h  ceiling  framing:  A,  Metal  joist  hangar  B.  Wootf  hanger, 
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masonry  Walls  or  fully  sheathgd  "frame  walls 
between  open  glazed  areas. 

Roofs  of  such  structures  are  often  either  flat 
or  low-pitched  and  may  have  a  conventional 
rafter-joist  combination  or  consist  of  thick  wood 
decking  spanning  between  beams.  The  need  for  a 
weli-insulated  roof  often  dictates  the  type  of 
construction  that  might  be  used. 

^  The  connectio  of  the  supporting  posts  at 
the  floor  plate  and  beam  is  important  to  provide 
uplift  resistance.  Figure  9-39  shows  connections 
at  the  soleplate  and  at  the  beam  for  solid  or 
spaced  members.  The  solid  post  and  be:un  arc 
fastened  together  with  metal  angle*  mailed  to  the 
top  plate  and  to  the  soleplate  as  well  a$  the  roof 
beam  (see  view  A,  fig.  9*39).  The  spaced  beam 
and  post  are  fastened  together  with  a  ^J/8-in.  or 
thicker  plywood  cleat  extending  between  and 
nailed  to  the  spaced  members.  (See  view  B,  fig. 
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Ffflurt  &3&-*Po*t  and  foam  connections:  A.  Solid  pott  and  beam  8,  spread  port  and  beam, 

9-36 

37',) 


9-39^A  wall  header  member  between  beams 
eauytfe  fastened  with  joist  hangers. 

Continuous  headers  are  often  used  with 
spaced  posts  in  the  construction  of  framed  walls 
or  porches  requiring  large  glazed  openings.  The 
beams  should  be  well  fastened  and  reinforced  at 
the  comers  with  lag  screws  or  metal  straps.  View 
A,  figure  9-40  illustrates  one  connection  method 
using  metal  strapping. 

In  a  low-pitch  or  flat  roof  construction  for  a 
post  and  beam  system,  wood  or  fiberboard 
decking  is  often  used.  Wood  decking,  depending 
on  thickness,  is  frequently  used  for  beam 
spacings  up  to  I0  or  more  ft  However,  lor  the 
longer  spans,  special  application  instructions  are 
required.  Depending  on  the  type,  2*  to  3-in. 
thick  fiberboard  decking  normally  is  limited  to  a 
beam  or  purlin  spacing  of  4  ft. 
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Figure  SMO. -Port  and  beam  details.  A.  Corner  connection  with  continuous  header  B.  With  roof  deck'ng. 
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Tongued*and-grooved  solid  wood  decking, 
3  by  6  and  4  by  6  in.  in  size,  should  be  toenailed 
and  face-nailed  directly  to  the  beams  and 
edgfr-nailed  to  each  other  with  long  nails  used  in 
predrilled  holes,  as  shown  in  view  B,  figure  9-40. 
Thinner  decking  is  usually  only  face-nailed  to 
the  beams*  Decking  is  usually  square  end- 
trimmed  to  provide  a  good  fit.  If  additional 
insulation  is  required  for  the  roof,  fiberboard  or 
an  expanded  foamed  plastic  in  sheet  form  is 
fastened  to  the  decking  before  the  built-up  or 
similar  type  of  roof  is  installed.  The  moisture 
content  of  the  decking  should  be  near  its 
inservice  condition  to  prevent  joists  opening 
later  as  the  wood  dries. 


TYPES  OF  SHEATHING 

WALL  SHEATHING  is  the  outside  covering 
used  over  the  wall  framework  of  studs,  plates, 
and  window  and  door  headers.  It  forms  a  flat 
base  upon  which  the  exterior  finish  car  be 
applied.  Certain  types  of  Vieathing  and  method 
of  application  can  provide  great  rigidity  to  the 
house,  eliminating  the  need  for  corner  bracing 
Sheathing  serves  to  minimize  air  infiltration  and, 
in  certain  forms,  provides  some  insulation. 

Some  sheet  materials  serve  both  as  sheathing 
and  siding.  It  is  a  versatile  material  and 
manufacturers  produce  it  in  many  forms. 
Perhaps  thr  most   common   types  used  in 
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construction  are  boards,  plywood,  structural 
insulating  board,  and  gypsum  sheathing. 

WOOD  SHEATHING 

Wood  sheathing  is  usually  of  nominal  1-in, 
boards  in  a  shiplap,  a  tongue-and-grooved,  or  a 


square-edge  pattern.  Resawn  11/16-in.  boards 
are  also  allowed  under  certain  cor  iitions.  The 
requirements  for  wood  sheathing  are  easy 
working,  easy  nailing,  and  moderate  shrinkage. 
Widths  commonly  used  are  6,  8,  and  10  in. 
Sheathing  may  be  applied  horizontally  or 
diagonally,  as  shown  in  view  A,  figure  9-41.  It  is 
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Figure  941,— Application  of  wood  thaathtng:   A.  Horizontal  and  diagonal  B.  Started  at  subfloor  C.  Started  at 

foundation  wall. 
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sometimes  earned  only  to  the  subflocrasseen  in 
view  B,  figure  941,  but  when  a  diagonal 
sheathing  or  sheet  materials  are  placed,  as  shown 
in  view  C,  figure  941,  greater  strength  and 
rigidity  result. 

Some  manufacturers  produce  random-length 
side*  and  end-matched  boards  for  sheathing. 
Most  softwood  species,  such  as  spruces, 
Douglas-fir,  southern  pine,  hemlock,  and  the 
soft  pines,  art  suitable  for  sheathing.  Grades 
vary  between  species,  bu t  struc tural  grade 
sheathing  is  commonly  used, 

PLYWOOD  SHEATHING 

Plywood  is  used  extensively  fur  sheathing  of 
walls,  applied  vertically,  normally  in  4-  by  8  ft 
and  longer  sheets.  (See  fig.  9-42*)  This  method 


of  sheathing  eliminates  the  need  for  diagonal 
comer  bracing;  but,  as  with  any  sheathing 
material,  it  should  be  well  nailed. 

Standard  sheathing  grade  is  commonly  used 
for  sheathing.  For  severe  exposures,  this  same 
plywood  is  furnished  with  an  exterior  giueline. 
While  the  minimum  plywood  thickness  for 
16*iiu  stud  spacing  is  5/16  in,,  it  is  often 
desirable  to  use  3/8  in,  and  thicker,  especially 
when  the  exterior  finish  must  be  nailed  to  the 
sheathing.  The  selection  of  plywood  thickness  is 
also  influenced  somewhat  by  standard  jamb 
widths  in  window  and  exterior  door  frames.  This 
may  occasionally  require  sheathing  cf  1/2-inch 
or  gi-eater  th'ckncsses.  Some  modification  of 
jambs  is  required  and  readily  accomplished  when 
other  plywood  thicknesses  are  used. 


S&ACE  UMIS 
6"  OC 


SPACE  MAILS 
13*  OC 


space  nails 

6"0C 


plywood 


Figure  9~42,-*Vftrttc*3  application  of  plywood  or  structural  (mutating  board  iheathtng. 
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STRUCTURAL  INSULATING 
BOARD  SHEATHING 

The  three  common  types  of  insulating  board 
{structural  fiberboards)  used  for  sheathing 
include  regular  density,  intermediate  density, 
and  nail-base.  Insulating  board  sheathings  are 
coated  or  impregnated  with  asphalt  or  given 
other  treatment  to  provide  a  water-resistant 
product.  Occasional  wetting  and  drying1  that 
occur  during  construction  will  not  damage  the 
sheathing  materially. 

Regular-density  sheathing  is  manufactured  io 
1/2-  and  25/32-in,  thicknesses  and  in  2- by  8-> 
4- by  and  4- by  9-ft  sizes.  Intermediate- 
density  and  nail-base  sheathing  are  denser 
p  ro  due  ts  t  han  regular-densi  ty .  They  are 
regularly  manufactured  only  in  1/2'in.  thickness 
and  in  4-  by  8-  and  4- by  9-ft  sties.  While 
2-by8-ft  sheets  with  matched  edge  are  used 
horizontally*  4-  by  &Tt  and  longer  sheets  are 
usually  installed  with  the  long  dimension 
vertical. 

Corner  bracing  is  required  on  horizontally 
applied  sheets  and  usually  on  applications  of 
I  /  2-in  regu  I  ar-density  sheathing  applied 
vertically.  Additional  comer  bracing  is  usually 
not  required  for  regular-density  insulating  board 
sheathing  25/32  in.  thick  or  for  intense* 
^♦c-density  and  nail-base  sheathing  ^vhen 
properly  applied  with  long  edges  vertical, 
(See  fig,  9-42.)  Naturally  fastenings  must  be 
adequate  around  the  perimeter  and  at 
intermediate  studs,  and  adequately  tastened 
(nails,  staples,  or  other  fastening  system). 
Naxl-base  sheathing  also  permits  shingles  to  be 
applied  directly  to  it  as  siding  if  fastened  with 
special  annular-grooved  nails.  Galvanized  or 
other  corrosion -resistant  fasteners  are  recom- 
mended for  installation  of  insulating-board 
sheathing. 


GYPSUM  SHEATHING 


Cypsum  sheathing  is  W2  in.  thick,  2-  by  8  ft 
in  size*  and  is  applied  horizontally  for  fttid 
spring  of  24  in.  or  less,  (See  fig.  9-43.)  It  is 

940 


composed  of  treated  gypsum  filler  faced  on  two 
sides  with  water-resistant  paper*  often  having 
one  edge  grooved,  and  the  other  with  a  matched 
V  edge*  This  makes  application  easier  ad*is  a 
small  amount  of  tie  between  sheets,  and 
provides  some  resistance  to  air  and  moisture 
penetration. 


INSTALLATION  OF  SHEATHING 

Types,  of  sheathing  that  provide  adequate 
bracing  are:  (a)  wood  sheathing*  when  applied 
diagonally*  (b)  plywood*  when  applied  vertically 
in  sheets  4  ft  wide  by  8  or  more  ft  high  and 
where  attached  with  nails  or  staples  spaced  not 
more  than  6  in,  apart  on  all  edges  and  not  more 
than  1 2  in.  at  intermediate  supports;  and  (c) 
structural  insulating  board  sheathing  4  ft  wide 
and  8  ft  or  longer  (25/32-in,-thick  regular  grade 
and  I  /2-in, -thick  intermediate-density  or 
nail-base  grade)  applied  with  long  edges  vertical 
with  naik  or  staples  spaced  3  in  along  all  edges 
and  6  in.  at  intermediate  studs. 

Another  method  of  providing  the  required 
ngidity  and  strength  forw-U  framing  consists  of 
a  l/2-in.  plywood  panei  at  each  side  of  each 
outside  comer  and  I/2-m  regular-density 
fiberboard  at  intermediate  aitis  The  plywood 
must  he  in  4-ft-wide  sheets  and  applied  vertically 
with  ful  pe  .meter  and  intermediate  stud 
nailing. 

Where  comer  brac;^  is  required*  use 
I-  by  4-in.  or  wider  members  let  into  the  outside 
face  of  the  studs,  and  sef  at  an  angle  of  45°  from 
the  bottom  of  the  sole^late  to  the  top  of  the 
wallplate  or  comer  stud.  Where  window 
openings  near  the  cor  er  interfere  wi*h  45* 
braces,  the  angle  sho'  id  be  increased  but  the 
fulMength  brace  sT  *>uld  cover  at  least  three  stud 
spaces, 

WOOD 

The  minimum  thickness  of  wood  sheathing 
is  generally  3/4  in.  However,  for  particular  usesi 
depending  on  exterior  covenngSi  rtsawn  boards 
of  1 1/16  in,  thickness  may  be  used  as  sheathing 
V  lths  commonl>  us;d  arc  6*  8  10,  and  12  in. 
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The  6-  and  3jn,  widths  will  have  less  shrinkage 
than  10  and  12  in,  widths,  so  that  smaller 
openings  will  occur  between  boards. 

The  boards  should  be  nailed  at  each  stud 
crossing  with  two  nails  for  the  6-  and  8*in, 
widths  and  three  nails  for  the  10-  and  12-in, 
widths*  When  diagonal  sheathing  is  used,  one 
more  nail  can  be  used  at  each  stud,  for  example, 
three  hails  for  8*in,  sheathing.  Joints  should  be 
placed  over  the  center  of  studs,  as  shown 
in  view  A,  figure  fMl  >  unless  end-matched 
( tongued-and-grooved)  boards  are  used. 
End-matched  tongued-and-grooved  boards  are 
applied  continuously,  either  horizontally  or 
diagonally,  allowing  end  joints  to  fall  where  they 
may,  even  if  between  studs.  However,  when 


end-matched  boards  are  used,  no  two  a^oining 
bodrds  should  have  end  joints  over  the  same  stud 
space  and  each  board  should  bear  on  at  least  two 
studs. 

Two  arrangements  of  floor  framing  and 
soleplate  location  may  be  used  which  affect  wall 
sheathing  application.  The  first  method  has  the 
soleplate  set  in  from  the  outside  wall  line  so  that 
the  sheathing  is  flush  with  the  floor  framing. 
(See  view  B,  fig,  9-41,)  This  does  not  provide  a 
positive  tie  between  wall  and  floor  framing  and 
in  high  wind  areas  should  be  supplemented  with 
metal  strapping  placed  over  the  sheathing  The 
second  method  has  the  sill  plate  located  so  that 
the  distance  from  the  outside  edge  of  The 
foundation  wall  to  the  plate  is  equal  to  the 
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Figure  £M&  "-Horizontal  application  of  2*  by  8-ft  structure!  insulating  board  or  gypsum  sheathing, 
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thickness  of  the  sheathing  (view  C,  fig.  9-41).  However,  their  use  is  somewhat  restricted 

When  vertically  applied  plywood  or  diagonal  because  cost  is  usually  higher  than  the  sheet 

wood  sheathing  is  used,  a  good  connection  materials  previously  mentioned. 

between  the  wall  and  floor  framing  is  obtained. 

This  method  is  usually  preferred  where  good  STRUCTURAL 

wall- to- floor- to- foundation    connections    are  INSULATING  BOARD 

desirable. 

Vertical  application  of  structural  insulating 

Wood    sheathing   is   commonly    applied  board  (fig.  9-42)  in  4- by  8-ft  sheets  is  usually 

horizontally  because  it  is  easy  to  apply  and  there  recommended  by  the  manufacturer  because 

is   less   lumber   waste   than   with  diagonal  Perimeter  nailing  is  possible.  Depending  on  local 

sheathing.    Horizontal    sheathing,    however,  building  regulations,  spacing  nails  3  in.  on  edges 

requires   diagonal   comer  bracing   for   wall  and  6  in.  at  intermediate  framing  members 

sheathing.  usually  eliminates  the  need  for  comer  bracing 

when    25/32-in,   structural   insulating  board 

^  Diagonal  sheathing  should  be  applied  at  a  sheathing  or  1/2-in.  medium-density  structural 

45   angle,  which  adds  greatly  to  the  rigidity  of  insulating  board  sheathing  is  used.  Use  1  3/4-in. 

the  wall  and  eliminates  the  need  for  comer  galvanized  roofing  nails  for  the  25/32-inch 

bracing.  There  is  more  lumber  waste  than  with  sheathing  and  1  1/2-in,  nails  for  the  1/2-in. 

horizontal  sheathing  because  of  angle  cuts,  and  sheathing.  Manufacturers  usually  recommend 

application  is  somewhat  more  difficult  End  l/8-in.   spacing   between   slieets.   Joints  are 

joints  should  be  made  over  studs,  centered  on  framing  members. 


PLYWOOD 

Plywood  used  for  sheathing  should  be  4  by 
8  ft  or  longer  and  ^)plied  vertically  with 
perimeter  nailing  to  eliminate  the  need  for 
comer  bracing.  (See  fig.  9-4  2J  Use  6-penny  nails 
for  plywood  3/8  in.  or  less  in  thickness,  8-penny 
nails  for  plywood  1/2  in.  or  more  in  thickness. 
Spacing  should  be  a  minimum  of  6  in.  at  all 
edges  and  12  in.  at  intermediate  framing 
members. 

Plywood  may  also  be  applied  horizontally, 
but  not  being  as  efficient  from  the  standpoint  of 
Hgjdity  and  strength,  it  normally  requires 
diagonal  bracing.  However,  blocking  between 
studs  to  provide  for  horizontal  edge  nailing  will 
\  improve  the  rigidity  and  usually  eliminate  the 
need  for  bracing.  When  shingles  or  similar 
exterior  finishes  are  employed,  it  is  necessary  to 
use  threaded  nails  for  fastening  when  pl>wood  is 
only  5/16  or  3/8 in.  thick.  Allow  1/8-in.  edge 
spacing  and  l/I6-in«  end  spacing  between 
plywood  sheets  when  installing. 

Particleboard,  hardboard,  and  other  sheet 
materials  may  also  be  used  as  a  sheathing. 
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GYPSUM  AND 
INSULATING  BOARD 


Gypsum  and  insulating  board  sheathing  in 
2-  by  8-ft  sheets  applied  horizontally  require 
comer  bracing.  (See  fig.  9-43.)  Vertical  joints 
should  be  staggered.  The  25/32-in.  board  should 
be  nailed  to  each  crossing  stud  with  1  3/4-in. 
galvanized  roofing  nails  spaced  about  4  1/2  in. 
apart. 

The  1/2-in,  gypsum  and  insulating  board 
sheathing  should  be  nailed  to  the  framing 
members  with  1  1/2-in,  galvanized  roofmg  nails 
spaced  about  3  1 12  in.  apart. 

When  wood  bevel  or  similar  sidings  are  used 
over  plywood  sheathing  less  than  5/8  in.  thick, 
and  over  insulating  board  and  gypsum  board, 
nails  must  usually  be  located  so  as  to  contact  the 
stud.  When  wood  shingles  and  similar  finishes 
are  used  over  gypsum  and  regular  density 
insulating  board  sheathing,  the  walls  are  stripped 
with  l-by3-in.  horizontal  strips  spaced  to 
conform  to  the  shingle  exposure.  The  wood 
strips  are  nailed  to  each  stud  crossing  with  two 
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8-penny  or  10-penny  threaded  nails,  depending 
on  the  sheathing  thickness.  (See  fig.  9-43.) 
Nail-base  sheathing  board  usually  does  not 
require  stripping  when  threaded  naiis  are  used. 

SHEATHING  PAPER 

Sheathing  paper  should  be  water  resistant 
but  not  vapor  resistant.  It  is  often  called 
"breathing"  paper  as  it  allows  the  movement  of 
water  vapor  but  resists  entry  of  direct  moisture. 
It  also  serves  to  resist  air  infiltration.  Rosen, 


15-pound  asphalt  felt,  ?nd  similar  papers  are 
considered  satisfactory. 

Sheathing  paper  should  be  used  behind  a 
stucco  or  masonry  veneer  finish  and  over  wood 
sheathing.  It  should  be  installed  horizontally 
starting  at  the  bottom  of  the  wall.  Succeeding 
layers  should  be  lapped  about  4  in,  Ordinarily,  it 
is  not  used  over  plywood,  fiberboard,  or  other 
sheet  materials  that  are  water-resistant. 
However,  8  in.  or  wider  strips  of  sheathing  paper 
should  be  used  around  window  and  door 
openings  to  minimize  air  infiltration. 
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ROOF  FRAMING 


This  chapter  provides  the  fundamentals  of 
roof  design  and  construction.  Included  are 
definitions  of  roof  construction  terms, 
descriptions  of  various  roofs  and  rafters,  and 
techniques  of  laying  out,  cutting,  and  erecting 
rafters  and  other  roof  framing  members. 


TYPES  OF  ROOFS 


The  primary  object  of  a  roof  hi  any  climate 
is  to  keep  out  the  rain  and  the  cold.  The  roof 
must  be  sloped  so  as  to  shed  water.  When;  heavy 
snows  cover  the  roofs  for  long  periods  of  time, 
roofs  must  be  constructed  rigidly  to  bear  the 
extra  weight.  They  must  also  be  strong  enough 
to  withstand  high  winds.  The  most  commonly 
used  types  of  roof  construction  include  the 
gable,  the  lean-to  or  shed,  the  hip,  and  the 
intersecting- 

The  GABLE  roof  (fig.  10-1)  has  two  roof 
slopes  meeting  at  the  center,  or  ridge,  to  form  a 
gable.  This  form  of  roof  is  the  one  most 
commonly  used  by  the  Navy,  since  it  is  simple  in 
design,  economical  to  construct,  and  may  be 
used  on  any  type  of  structure. 

LEAN-TO  or  SHED  ROOF  (fig-  10- 1),  is  a 
near-fiat  roof  and  is  used  where  large  buildings 
are  framed  under  one  roof,  where  hasty  or 
temporary  construction  is  needed,  and  where 
sheds  or  additions  to  buildings  are  erected.  The 
pitch  of  the  roof  is  in  one  direction  only.  The 
roof  is  held  up  by  the  walls  or  posts  on  four 
sides;  one  wall  or  the  posts  on  one  side  are  at  a 
higher  level  than  those  on  the  opposite  side. 


HIP  ROOF 


45448 

Figure  10-1.-Most  common  type*  of  pitched  roof*. 
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The  HIP  roof  (fig.  10-1)  consists  of  four 
sides  or  slopes  running  toward  the  center  of  the 
bu  ilding.  Rafters  at  the  corners  extend 
diagonally  to  meet  at  the  center  or  ridge.  Into 
these  rafters,  other  rafters  are  framed. 

The  INTERSECTING  roof  (fig.  i(M) 
consists  of  a  gable  and  valley  or  hip  and  valley 
intersecting  each  other.  The  valley  is  that 
portion  where  the  roofs  meet  with  each  roof 
sianting  in  a  different  direction.  This  type  of 
roof  Is  more  complicated  and  requires  more  time 
and  labor  to  construct.  Although  there  are  many 
variations  of  this  type  of  roof,  the  intersections 
are  usually  at  right  angles. 


ROOF  CONSTRUCTION  TERMS 

A  roof  has  several  characteristics  or  con- 
struction features  which  are  illustrated  in  figures 
10-2  and  10-3.  They  are  defined  or  described  as 
follows: 

SPAN  of  a  roof  is  the  shortest  distance 
between  two  opposite  rafter  seats.  In  other 
words,  it  is  the  distance  between  the  outside 
plates,  measured  at  right  angles  to  the  direction 
of  the  ridge. 


CUT  OF  ROOF 
12 
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Figure  10-3-Roof  framing  terms. 


UNIT  OF  RUN  is  a  fixed  unit  of  measure, 
always  12  ..iches.  It  is  the  same  for  the  roof  as 
for  any  other  part  of  the  building. 


UNIT  OF  SPAN  is  likewise  a  fixed  unit  of 
measure,  always  twice  the  unit  of  run  or  24 
inches. 


LINE  LENGTH 
RAFTER 
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Figure  1 0*Z~Span,  total  rife  and  totd  run. 


TOTAL  RUN  is  the  horizontal  distance  over 
which  a  rafter  extends. 

TOTAL  RISE  is  the  vertical  distance  from 
the  plate  to  the  point  where  an  adjacent  rafter 
intersects  the  ridge. 

PITCH  is  the  ratio  of  the  total  rise  to  the 
span.  It  describes  the  slope  of  a  roof.  Pitch  is 
expressed  as  a  fraction,  such  as  1/4  or  1/2  pitch. 
The  term  PITCH  is  gradually  being  replaced  by 
the  term  CUT. 

CUT  of  a  roof  is  the  angle  that  the  roof 
surface  makes  with  a  horizontal  plane.  This 
angle  is  usually  expressed  as  a  fraction  in  which 
the  numerator  equals  the  unit  <*  k  rise  and  the 
denominator  equals  the  unit  or  ^n  (I2in.)s 
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such  as  6/12  or  8/12.  Sometimes  cut  is 
expressed  in  inches  per  foot.  For  example,  a 
6  in.  or  8  in.  cut  per  foot.  Here  the  unit  of  run 
(I2in0  is  understood. 

UNE  LENGTH  is  the  hypotenuse  of  a 
triangle  whose  base  equals  the  total  run  and 
whose  altitude  equals  the  total  rise. 


RAFTERS 

The  pieces  which  make  up  the  main  body  of 
the  framework  of  all  roofs  are  called  rafters. 
They  do  for  the  roof  v/hat  the  joists  do  for  the 
floor  and  what  the  studs  do  for  the  wall.  Rafters 
are  inclined  members  spaced  from  16  to  48  in. 
apart  w'.ich  vary  in  size,  depending  on  their 
length  jnd  the  distance  at  which  they  are 
spaced.  The  tops  of  the  inclined  rafters  are 
fastened  in  one  of  the  various  common  ways 
determined  by  the  type  of  roof.  The  bottoms  of 
the  rafters  rest  on  the  plate  member  which 
provides  a  connecting  link  between  wdl  and 
roof  and  is  really  a  functional  part  of  both.  The 
structural  relationship  between  rafters  and  wall 
is  the  same  in  all  types  of  roofs.  The  rafters  are 
not  framed  into  the  plate,  but  are  simply  nailed 
to  it,  some  being  cut  to  fit  the  plate  while 
others,  in  hasty  construction,  are  merely  laid  on 
top  of  the  plate  and  nailed  in  place.  Rafters  may 
extend  a  short  distance  beyond  the  wall  to  form 
the  eaves  and  protect  the  sides  of  the  building. 


TERMS  USED  IN 
CONNECTION  WITH  RAFTERS 


Since  rafters,  with  ridgeboards  and  plates, 
are  the  principal  members  of  roof  framing,  it  is 
important  to  understand  the  following  terms 
that  apply  to  them. 

The  COMMON  rafters  (No.  I,  fig.  104) 
extend  from  plate  to  ridgeboard  at  right  angles 
to  both. 

HIP  rafters  (No.  2,  fig.  10-4)  extend 
diagonally  from  the  outside  corners  formed  by 
perpendicular  plates  to  the  ridgeboard. 
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Figure  10-4.-Rafter  term*. 


VALLEY  rafters  (No.  3,  fig.  10-4)  extend 
from  the  plates  to  the  ridgeboard  along  the  lines 
where  two  roofs  intersect. 

JACK  rafters  never  extend  the  full  distance 
from  plate  to  ridgeboard.  Jack  rafters  are 
subdivided  into  the  hip  jacks  (No.  4,  fig.  104), 
the  lower  ends  rest  on  the  plate  and  the  upper 
ends  against  the  hip  rafter;  valley  jacks  (No.  5, 
fig.  104)*  the  lower  ends  of  which  rest  against 
the  valley  rafters  and  the  upper  ends  against  the 
ridgeboard;  and  cripple  jacks  (No*  6,  fig.  10-4), 
which  are  nailed  between  hip  and  valley  rafters. 

TOP  or  PLUMB  CUT  is  the  cut  made  at  the 
end  of  the  rafter  to  be  placed  against  the 
ridgeboard  or,  if  the  ridgeboard  is  omitted, 
against  the  opposite  rafters. 
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SEAT,  BOTTOM,  or  HEEL  CUT  is  the  cut 
made  at  the  end  of  the  rafter  which  is  to  rest  on 
the  plate. 

SIDE  or  CHEEK  CUT  is  a  bevel  cut  on  the 
side  of  a  rafter  to  fit  it  against  another  frame 
member. 

RAFTER  LENGTH  is  the  shortest  distance 
between  the  outer  edge  of  the  plate  and  the 
center  of  the  ridge  line. 

EAVE  or  TAIL  is  the  portion  of  the  rafter 
extending  beyond  the  outer  edge  of  the  plate. 

MEASURE  LINE  is  an  imaginary  reference 
line  laid  out  down  the  middle  of  the  face  of  a 
rafter.  If  a  portion  of  a  roof  is  represented  by  a 
right  triangle  (fig.  10-5),  the  measure  line  will 
correspond  to  the  hypotenuse,  the  rise  to  the 
leg,  and  the  run  to  the  base. 

PLUM?  LINE  is  any  line  that  is  vertical 
when  the  after  is  in  its  proper  position  (fig. 
105). 

LEVEL  LINE  is  any  line  that  is  horizontal 
when  the  i  t;ter  is  in  its  proper  position  (fig. 
105)*  ^ 
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COMMON  RAFTER  LAYOUT 


Rafters  must  be  laid  out  and  cut  with  slope, 
length,  and  Overhang  exactly  right  so  that  thcv 
will  fit  whej  placed  in  the  position  they  arc  to 
occupy  in  thptfinished  roof. 

The  Builder  first  determines  the  length  of 
the  rafter  am:  the  length  of  the  piece  of  lumber 
from  which  3ie  rafter  may  be  cut.  If  he  is 
working  froro*a  set  of  plans  which  includes  a 
roof  plan,  the  rafter  lengths  and  the  width  of  the 
building  may  be  obtained  from  this  plan.  If  no 
plans  are  available,  the  width  of  the  building 
may  be  measured  with  a  tape.  To  determine  the 
rafter  length,  first  find  the  total  run,  which  is 
one-half  of  the  distance  between  the  outside 
plates.  Total  run  is  the  horizontal  distance  that  a 
common  rafter  will  cover.  The  amount  of  rise 
per  it  has  yet  to  be  considered.  If  the  building  to 
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be  roofed  is  20  ft  wide,  half  the  span  will  be 
10  ft.  For  example,  the  rise  per  ft  is  to  be  8 
inches.  To  determine  the  approximate  overall 
length  of  a  rafter,  measure  on  the  steel  carpenter 
square  the  distance  between  8  on  the  tongue  and 
12  on  the  blade,  because  8  is  the  rise  and  12  is 
the  unit  of  run.  This  distance  is  14  5/1 2  in.  and 
represents  the  iine  length  of  a  rafter  with  a  total 
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run  of  I  ft  and  a  rise  of  8  in*  Since  the  run  of 
the  rafter  is  10  ft,  multiply  10  by  the  line  length 
for  1  ft.  The  answer  is  144  1/2  in.,  or  12  ft  and 
1/6  in.  The  amount  of  overhang,  normally  1  ft, 
must  be  added  if  an  overhang  is  to  be  used.  This 
makes  a  total  of  13  ft  for  the  length  of  the 
rafter,  but  since  13  ft  is  an  odd  length  for 
timber,  a  14-ft  timberis  used. 

After  the  length  has  been  detennined,  the 
timber  is  laid  on  sawhorses,  sometimes  called 
saw  benches,  with  the  crown  or  bow,  if  any,  as 
the  top  side  of  the  rafter.  If  possible,  select  a 
straight  piece  for  the  pattern  rafter.  If  astraight 
piece  is  not  available,  have  the  crown  toward  the 
person  laying  off  the  rafter.  Hold  the  square 
with  the  tongue  in  the  right  hand,  the  blade  in 
the  left,  the  heel  away  from  the  body,  and  place 
the  square  as  near  the  upper  end  of  the  rafter  as 
possible.  In  this  case,  the  figure  8  on  the  tongue 
and  1 2  on  the  blade  are  placed  along  the  edge  of 
timber  which  is  to  be  the  top  edge  of  the  rafter 
as  shown  in  view  1,  figure  10-6.  Mark  along  the 
tongue  edge  of  the  square*  which  will  be  the 
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Figure   10-6.-Rofter   taYout-tcafe   or  measurement 
method. 


plumb  cut  at  the  ridge.  Since  the  length  of  the 
rafter  is  known  to  be  12  ft  and  1/6  in.,  measure 
the  distance  from  the  top  of  the  plumb  cut  and 
mark  it  on  the  timber.  Hold  the  square  in  the 
same  manner  with  the  8  mark  on  the  tongue 
directly  over  the  12-ft  and  1/6-in,  mark.  Mark 
along  the  tongue  of  the  square  to  give  the  plumb 
cut  for  the  seat  (view  2,  fig.  10-6).  Next  measure 
off,  perpendicular  to  this  mark,  the  length  of 
overhang  along  the  timber  and  make  a  plumb 
cut  mark  in  the  same  manner,  keeping  the 
square  on  the  same  edge  of  the  timber  (view  3, 
fig.  10-6),  This  will  be  the  tail  cut  of  the  rafter; 
often  the  tail  cut  is  made  square  across  the 
timber. 

The  level  cut  or  width  of  the  seat  is  the 
width  of  the  plate,  measured  perpendicular  to 
the  plumb  cut,  as  shown  in  view  4,  figure  10-6. 
Using  the  try  square,  square  lines  d&wn  on  the 
sides  from  all  level  and  plumb  cut  lines.  Now  the 
rafter  is  ready  to  be  cut. 

If  a  building  is  20  ft  8  in.  wide,  the  run  of 
the  rafter  would  be  10  ft  4  in.,  or  half  the  span. 
Instead  of  using  the  above  method,  the  rafter 
length  may  be  determined  by  "stepping  it  off 
by  successive  steps  with  the  square*  as  shown  in 
figure  10-7.  Stake  the  same  number  of  steps  as 
there  are  ft  in  the  run,  which  leaves  4  in*,  over  a 
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ft  This  4  in.  is  taken  care  of  in  the  same  manner 
as  the  full  ft  run;  that  is,  with  the  square  at  the 
last  step  position,  make  a  mark  on  the  rafters  at 
the  4-in.  mark  on  the  blade,  then  move  the 
square  along  the  rafter  until  the  tongue  rests  at 
the  4-in.  mark.  With  the  square  held  for  the 
same  cut  as  before,  make  a  mark  along  the 
tongue.  This  is  the  line  length  of  the  rafter.  The 
seat  cut  and  hangover  are  made  as  described 
above.  When  laying  off  rafters  by  any  method, 
be  sure  to  recheck  the  work  carefully.  When  two 
rafters  have  been  cut,  it  is  best  to  put  them  in 
place  to  see  if  they  fit.  Minor  adjustments  may 
be  made  at  this  time  without  serious  damage  or 
waste  of  material. 


TABLE  MFTHOD,  USING  RAFTER 
TABLE  ON  FRAMING  SQUARL 


The  rafter  table  which  is  located  on  the 
blade  gives  both  the  line  length  of  any  pitch  or 
rafter  per  ft  of  run  and  the  line  length  of  any  hip 
or  valley  rafter  per  ft  of  run.  The  difference  in 
length  of  the  jack  rafter  spaced  16-  or  24  in. 
O.C  is  also  shown  in  the  table.  Where  the  jack 
rafter,  hip,  or  valley  rafter  require?  side  cuts,  the 
cut  is  given  La  the  table* 

The  table  (fig.  10-8)  appears  on  the  face  of 
the  blade.  It  is  used  to  determine  the  length  of 
the  common,  valley,  hip,  and  jack  rafters,  and 
the  angles  at  which  they  must  be  cut  to  fit  at  the 
ridge  and  piste.  To  use  the  table,  the  Builder 
first  must  become  familiar  with  it  and  know 
what  each  figure  represents.  The  row  of  figures 


in  the  first  line  represents  the  length  of  common 
rafters  per  ft  of  run,  as  the  title  indicates  at  the 
lefthand  end  of  the  blade.  Each  set  of  figures 
under  each  in.  division  mark  represents  the 
length  of  rafter  per  ft  of  run  with  a  rise 
corresponding  to  the  number  of  in.  over  the 
number.  For  example,  under  the  16-in*  mark 
appears  the  number  20.00  in.  This  number 
equals  the  length  of  a  rafter  with  a  run  of  12  in. 
and  a  rise  of  16  in.,  or,  under  the  13-in.  mark 
appears  the  number  17.69  in.  which  is  the  rafter 
length  for  a  12-in.  run  and  a  13-in.  rise.  The 
other  five  lines  of  figures  in  the  table  will  not  be 
discussed  as  they  are  seldom  used. 

To  use  the  table  for  laying  out  rafters,  the 
width  of  the  building  must  first  be  known. 
Suppose  the  building  is  20  ft  8  in.  wide  and  the 
rise  of  the  rafters  is  to  be  8  in.  per  ft  of  run-  The 
total  run  of  the  rafter  will  be  10  ft  4  in.  Look  in 
the  first  line  of  figures,  under  the  8*in.  mark 
appears  the  number  14.42,  which  is  the  length  in 
in.  of  a  rafter  with  a  run  of  1  ft  and  a  rise  of 
8  in.  To  find  the  line  length  of  a  rafter  with  a 
total  run  of  10  ft  4  in.,  multiply  14.42  in.  by 
10  l/3  and  divide  by  12'so  as  to  get  the  answer 
in  ft*:  The  14.42  in.  by  10  l/3  equals 
149.007  in.,  which  is  divided  by  12  to  equal 
12  5/12  ft.  Therefore  12  ft  5  in.  is  the  line 
length  of  The  rafter.  The  remaining  procedure 
for  laying  out  the  rafters  after  *he  length  has 
been  determined  was  described  alcove. 

When  the  roof  has  an  overhang,  the  rafter  is 
usually  cut  square  to  save  time.  When  the  roof 
has  no  overhang,  the  rafter  cut  is  plumb,  butno 
notch  is  cut  in  the  rafter  for  a  seat.  The  level  cut 
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is  made  long  enough  to  extend  across  the  plate 
and  the  wall  sheathing.  This  type  of  rafter  saves 
material,  although  little  protection  is  given  to 
the  side  wall. 

BIRD'S  MOUTH 

A  rafter  with  a  projection  has  a  notch  in  it 
called  a  BIRD'  MOUTH,  as  shown  in  figure  10-9. 
The  plumb  cut  of  the  bird's  mouth,  which  bears 
against  the  side  of  the  rafter  plate  is  called  the 
HEEL  cut;  the  level  cut,  which  bears  on  the  top 
of  the  rafter  plate,  is  called  the  SEAT  cut. 

The  size  of  the  bird's  mouth  is  usually  stated 
in  terms  of  the  depth  of  the  heel  cut  rather  than 
in  terms  of  the  width  of  the  seat  cut.  You  lay 
out  the  brnfs  mouth  in  about  the  same  way  you 
lay  out  the  seat  on  a  rafter  without  a  projection. 
Measure  off  the  depth  of  the  heel  on  the  heel 
plumb  line,  set  the  square  as  shown  in  figure 
10-10,  and  draw  the  seat  line  along  the  blade. 
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Figure  10-9,-Bird't  mouth  on  a  rafter  with  projection. 
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Figure  10- 10. -Laying  out  a  bird's  mouth. 


For  the  roof  surface.  ALL  RAFTERS  should  be 
exact,  therefore,  the  amount  above  the  seat  cut, 
rather  than  the  bottom  edge  of  the  rafters,  is  the 
most  important  measurement  Suppose  that  on  a 
hip  roof,  or  an  intersecting  roof,  the  hips  or 
valley  rafters  are  2  by  6  and  the  common  rafters 
2  by  4>  The  amount  above  the  seat  cut  should  be 
such  as  to  adequately  support  the  overhang  of 
the  roof,  plus  personnel  working  on  the  roof. 
'Hie  width  of  the  seat  cut  is  important  as  a 
oearing  surface.  The  maximum  width  of  the 
common  rafter  should  not  exceed  the  width  of 
the  plat?. 


HIP  RAFTER  LAYOUT 


Most  hip  roofs  are  EQUAL-PITCH  hip  roofs, 
in  which  the  angJe  of  slope  on  the  roof  end  or 
ends  is  the  same  as  the  angle  of  slope  on  the 
sides.  Unequal-pitch  hip  roofs  do  exist,  but  they 
are  quite  rare,  and  they  require  special  layout 
methods.  The  UNIT  LENGTH  RAFTER 
TABLE  on  the  framing  square  applies  only  to 
equal  pitch  hip  roofs. 

In  the  following  discussion  of  hip  roof 
framing,  it  will  be  assumed  that  in  every  case  the 
roof  is  an  equal-pitch  hip  roof. 

The  length  of  a  hip  rafter,  like  the  length  of 
a  common  rafter,  is  calculated  on  the  basis  of 
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bridge  measure  times  the  unit  of  run.  Any  of  the 
methods  previously  described  for  a  common 
rafter  may  be  used.  Some  of  the  basic  da*a  for  a 
hip  rafter,  however,  are  different. 

Take  a  look  at  figure  10-1 1>  which  shows 
part  of  a  ROOF  FRAMING  DIAGRAM  for  an 
EQUAL-PITCH  hip  roof.  A  roof  framing 
diagram  may  be  included  a*iong  the  working 
drawings:  if  it  is  not,  you  should  lay  one  out  for 
yourself.  Lay  the  building  lines  out  to  scale  first; 
you  can  find  the  span  and  the  length  of  the 
building  on  the  working  drawings.  Then  draw  a 
horizontal  Une  along  the  center  of  the  span. 

In  an  equal-pitch  hip  roof  framing  diagram, 
the  lines  which  indicate  the  hip  rafters  (FA,  GA, 
IB,  and  KB  in  fig.  10-1 1)  forms  45°  angles  with 
the*building  lines.  Draw  these  lines  in  at  45°,  as 
shown.  The  points  where  they  meet  the 
centeriine  are  the  THEORETICAL  ends  of  the 
ridge  piece.  The  ridge-end  common  rafters  CA, 
DA,  EA,  HB,  JB*  and  LB  join  the  ridge  at  the 
same  points. 

A  line  which  indicates  a  rafter  in  the  roof 
framing  diagram  is  equal  in  length  (to  scale,  of 
course)  to  the  TOTAL  RUN  of  the  rafter  it 
represents.  You  can  see  from  the  diagram  that 
the  total  run  of  a  hip  rafter  (represented  bylines 
FA,  CAf  IB,  and  KB)  is  the  hypotenus^of  a 
right  triangle  with  shorter  sides  each  equal  to  the 


—  lCnGT*  OF  SuilOinG 
D  H 


mi  21 

Figure  10-11,-Equal  pitch  hip  roof  framing  diagram. 


total  run  of  a  common  rafter.  You  know  the 
total  run  of  a  common  rafter:  it  is  one-half  the 
span,  or  one-half  the  width  of  the  building. 
Knowing  this,  you  can  find  the  total  run  of  a  hip 
rafter  by  applying  the  Pythagorean  theorem. 

Let  us  suppose,  for  example,  that  the  span 
of  the  building  is  30  ft.  Then  one-half  the  span, 
which  is  the  same  as  the  total  run  of  a  common 
rafter,  is  15  ft.  By  the  Pythagorean  theorem,  the 
total  run  of  a  hip  rafter  is  the  square  root  of 
(153  +  153),  or  21.21  ft. 

What  is  the  total  rise?  Since  a  hip  rafter  joins 
the  ridge  at  the  same  height  as  a  common  rafter, 
the  total  rise  for  a  hip  rafter  is  the  same  as  the 
total  rise  for  a  common  rafter.  You  know  how 
to  figure  the  total  rise  of  a  common  rafter.  Let 
us  suppose  that  this  roof  has  a  unit  run  of  12 
and  a  unit  rise  of  8.  Since  the  total  run  of  a 
common  rafter  in  the  roof  is  15  ft,  the  total  rise 
of  a  common  rafter  is  the  value  of  x  in  the 
proportional  equation  12: 8::  15.x,  or  10  ft. 

Knowing  the  total  run  of  the  hip  rafter 
(21.21  ft)  and  the  total  rise  (10ft),  you  can 
figure  the  line  length  by  applying  the 
Pythagorean  theorem.  The  line  length  is  the 
square  root  of  (21. 21*  +  I03),  or  23.44  ft,  or 
about  23  ft  5  1/4  in. 

To  find  the  length  of  a  hip  rafter  on  the 
basis  of  bridge  measure,  you  must  first 
determine  the  bridge  measure.  As  with  a 
common  rafter,  the  bridge  measure  of  a  hip 
rafter  is  the  length  of  the  hypotenuse  of  a 
triangle  with  shorter  sides  equal  to  the  unit  run 
and  unit  rise  of  the  rafter.  The  unit  rise  of  a  hip 
rafter  is  always  the  same  as  that  of  a  common 
rafter,  but  THE  UNIT  RUN  OF  A  HIP  RAFTER 
IS  DIFFERENT. 

The  unit  run  of  a  hip  rafter  in  an  equal-pitch 
hip  roof  is  the  hypotenuse  of  a  right  triangle 
with  shorter  sides  each  equal  to  the  unit  run  of  a 
common  rafter.  Since  the  unit  run  of  a  common 
rafter  is  1 2,  the  unit  run  of  a  hip  rafter  is  the 
square  root  of  ( 1 22  +  1 22 )  or  1 6*97. 

If  the  unit  run  of  the  hip  rafter  is  16,97  and 
the  unit  rise  (in  this  particular  case)  is  8,  the  unit 
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length  of  the  hip  rafter  must  be  the  square  root 
of  (I6.973  +  81),  or  ia?6.  This  mean,  that  for 
every  16.07  units  of  run  tlie  rafter  has  18-76 
units  of  length*  Since  the  total  tun  of  the  rafter 
is  21-21  ft,  the  length  of  the  rafter  must  be  the 
value  of  x  in  the  proportional  equation 
16.97:  l&76::2I.21:x,  or  23.44  ft. 

Like  the  unit  length  of  a  common  rafter  the 
bridge  measure  of  a  hip  rafter  may  be  obtained 
from  the  unit  length  rafter  table  on  the  framing 
square.  If  you  turn  back  to  figure  10-8,  you  will 
see  that  the  second  line  in  the  table  is  headed 
"Length  hip  or  valley  rafters  per  ft  run  "This 
means  **per  foot  run  of  A  COMMON  RAFTER 
IN  THE  SAME  ROOF/'  Actually,  the  unit 
length  given  in  thfc  tables  is  the  unit  length  for 
every  16.97  units  of  run  OF  THE  HIP  RAFTER 
ITSELF.  If  you  run  across  to  the  unit  length 
given  under  8,  you  will  find  the  same  figure, 
18.76  units,  that  you  calculated  above. 

An  easy  way  to  calculate  the  length  of  an 
equal-pitch  hip  roof  rafter  is  to  multiply  the 
bridge  measure  by  the  number  of  ft  in  the  total 
run  of  a  common  rafter,  which  is  the  same  as  the 
number  of  ft  in  one-half  of  the  span  of  the 
building.  One-half  of  the  span  of  the  building  in 
this  case  is  15  ft:  the  length  of  the  hip  rafter  is 
therefore  i&76xl5,  or  281.40  in.,  which  is 
281.40/12,  or  23.45  ft.  Note  that  when  you  use 
this  method  you  get  a  result  in  in.*  which  you 
must  convert  to  ft.  The  slight  difference  of 
0*01  ft  between  this  result  and  the  one 
previously  obtained  amounts  to  less  than  1/8  in., 
and  may  be  ignored. 

You  step  off  the  length  of  an  equal-pitch  hip 
roof  rafter  just  as  you  do  the  length  of  a 
common  rafter,  except  for  the  fact  that  you  set 
the  square  to  a  unit  of  run  of  16.97  in.  instead 
of  to  a  unit  of  run  of  I  2  in.  SmcJ  16.97  ru  is 
the  same  as  16  in.  and  15.52  sixteenths  of  an  in., 
setting  the  square  to  a  unit  of  run  of  17  in.  is 
close  enough  for  most  practical  purposes.  Bear 
in  mind  that  for  any  plumb  cut  tine  on  an 
equal-pitch  hip  roof  rafter  you  set  the  square  to 
the  unit  rise  of  a  common  rafter  and  to  a  unit 
run  of  17. 

You  step  off  the  same  number  of  times  js 
there  are  ft  in  the  total  am  of  a  common  rafter 


in  the  same  roof;  only  the  size  of  each  step  is 
different.  For  every  12-in.  step  in  a  common 
rafter,  a  hip  rafter  has  a  17-in.  step,  In  the  roof 
on  which  we  are  working,  the  total  run  of  a 
common  rafter  is  exactly  15  ft;  this  means  that 
you  would  step  off  the  hif^rafter  cut  ( 17  in.  and 
8  in  J  exactly  15  times. 

Suppose,  however,  that  there  was  an  ODD 
UNIT  in  the  common  rafter  total  run,  Assume, 
for  example,  that  the  total  run  of  a  common 
rafter  is  15  ft  10  1/2  in.  How  would  you  make 
the  odd  fraction  of  a  step  on  the  hip  rafter? 

You  remember  that  the  unit  run  of  a  hip 
rafter  is  the  hypotenuse  of  a  right  triangle  with 
other  sides  each  e  lal  to  the  unit  run  of  a 
common  rafter.  This  being  the  case,  the  run  of 
the  odd  unit  on  the  hip  rafter  must  be  the 
hypotenuse  of  a  right  triangle  with  other  sides 
each  equal  to  the  odd  unit  of  run  of  the 
common  rafter,  which  in  this  case  is  |0  1/2  in. 
You  can  figure  this  by  the  Pythagorean  theorem 
(square  root  of  { I0.52  +  10.53JS  or  you  can  set 
the  square  on  a  true  edge  to  10  1/2  in,  on  the 
tongue  and  10  1/2  in.  on  the  blade  and  measure 
the  distance  between  the  marks.  It  comes  to 
14.84  in.,  which  rounded  off  to  the  nearest 
1/16  in.  equals  14  13/16  in. 

To  lay  off  the  odd  unit,  set  the  tongue  of 
the  framing  square  to  the  plumb  line  for  the  last 
full  step  made  and  measure  off  (4  13/ 16  in. 
along  the  blade.  Place  the  tongue  of  the  square 
at  tlu  mark,  set  the  square  to  the  hip  rafter 
plumb  cut  of  8  in*  on  the  tongue  and  17  in.  on 
the  blade,  and  draw  the  line  length  cut  line. 


Hip  Rafter  Shortening  Allowance 


As  is  the  case  with  a  common  rafter,  the  line 
length  of  a  hip  rafter  does  not  take  into  account 
the  thickness  of  the  ridge  piece.  The  size  of  the 
ridge-end  shortening  allowance  for  a  hip  rafter 
depends  upon  the  manner  in  which  the  ridge  end 
of  the  hip  rafters  joined  to  the  other  structural 
members.  As  shown  in  figure  10-12,  the  ridge 
end  of  the  hip  rafter  miy  be  framed  against  the 
ridge  piece  (view  A,  fig.  10-12)  or  against  the 


BUILDER  3  &  2 


ridge-end  common  rafters  (view  B,  fig.  10-12).  If 
the  hip  rafter  is  framed  against  the  ridge  piece, 
the  shortening  allowance  is  one-half  of  the  45° 
thickness  of  the  ridge  piece.  The  45°  thickness 
of  stock  is  the  length  of  aline  laid  at  45°  across 
the  thickness  dimension  of  the  stock*  If  the  hip 
rafter  is  framed  against  the  common  rafters,  the 
shortening  allowance  is  one-half  of  the  45° 
thickness  of  a  common  rafter.  To  lay  off  the 
shortening  allpwance,  set  the  tongue  of  the 
framing  square  to  the  line  length  ridge  cut  line, 
measure  off  the  shortening  allowance  along  the 
blade*  set  the  square  at  the  mark  to  the  cut  of 
the  rafter  (8  in.  and  17in.},  and  draw  the  actual 
ridge  plumb  cut  iine. 


Hip  Rafter  Projerrion 

A  hip  rafter  projection,  like  a  common 
rafter,  is  figured  as  a  separate  problem.  The  run 
of  a  hip  rafter  projection,  however,  is  not  the 
same  as  the  run  of  a  common  rafter  projection 
in  the  same  roof.  Figure  10-13  shows  you  why. 
The  run  of  the  hip  rafter  projection,  as  you  can 
see,  is  the  hypotenuse,  of  a  right  triangle  with 
shorter  sides  each  equal  to  the  run  of  a  common 
rafter  projection.  If  the  run  of  the  cojnmon 
rafter  overhang  is  18  in*,  the  run  of  the  hip 
rafter  is  the  square  root  of  (182  +  182),  or 
25*45  in*  Since  the  rafter  rises  8  units  for  every 
17  units  of  run,  the  total  rise  of  the  projection  is 
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Figure  1<M3.-Run  of  hip  rafter  projection. 


the  value  of  x  in  the  proportional  equation 
I7:8::25.45:x,  or  1 1.9 in.  If  the  total  run  is 
25.45  in.  and  the  total  rise  )  1.9  in.,  the  length 
of  the,  projection  is  the  square  root  of 
(?5.452  +11.93),  or  about  28  in. 

Hip  Rafter  Side  Cuts 

Since  a  common  rafter  runs  at  90°  to  the 
ridge,  the  ridge  end  of  a  common  rafter  is  cut 
square,  or  it  90°  to  the  lengthwise  line  of  the 
rafter.  A  hip  rafter,  however,  joins  the  ridge,  or 
the  ridge  ends  of  the  common  rafters,  at  an, 
angie,  and  the  ridge  end  of  a  hip  rafter  must 
therefore  be  cut  to  a  corresponding  angle,  called 
a  SIDE  CUT.  The  angle  of  the  side  cut  is  more 
acute  for  a  high  unit  rise  than  it  is  for  a  low  one. 

The  angle  of  the  side  cut  is  laid  out  as  shown 
in  figure  10-14.  Place  the  tongufi  of  the  framing 
square  along  the  njige  cut  line,  as  shown,  and 
measure  off  one-half  tjhe  thickness  of  the  hiP 
rafter  along  the  blade,  Shift  the  tongue  to  the 
mark,  set  the  square  to  the  cut  of  the  rafter' 
(17  in.  and  8  in.),  and  draw  the  plumb  line 
marked  A  in  the  ^figure.  Then  turn  the  rafter 
edge-up,  draw  an  edge  centerline,  and  draw  in 
the  angle  of  the  side  cut  as  indicated  in /the 
lower  view  of  figure  10-14.  For  a  hip  rafter 
which  is  to  be  framed  against  the  ridge  there  will 
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Figure  1t>14.-Laying  out  hip  rafter  side  cut. 


be  only  a  single  side  cut,  as  indicated  by  the 
dotted  line;  for  one  whicfv  is  to  be  framed 
against  the  ridge  ends  pf  the  common  rafters 
there  will  be  a  doable  side  cut,  as  shown.  The 
tail  of  the  rafter  n>ust  have  a  double  side  cut  at 
the  same  angle,  but  in  the  reverse  direction. 

The  angle  of  the  side  cut  on  a  hip  rafter  may 
also  be  laid  out  by  referring  to  the  unit  length 
rafter  table  on  the  framing  square.  If  you  turn 
back  to  figure  A  0-8,  you  will  see  that  the  bottom 
line  in  the  tabfe  is  headed  "Side  cut  hip  or  valley 
use."  If  you  follow  this  line  over  to  ^e  column 
headed  by  the  figure  8  (for  a  unit  rise  of  8),  you 
will  find  the  figure  JO  7/8.  If  you  place  the 
framing  square  face-up  on  the  rafter  edge,  with 
the  tongue  on  the  ridge-end  cut  tine,  and  set  the 
square  to  a  cut  of  10  7/8  in.  on  the  blade  and 
12  in.  on  the  tongue,  you  can  draw  the  correct 
side-cut  angle  along  the  tongue. 

If  the  bird's  mouth  on  a  hip  rafter'ftad  the 
same  depth  as  the  bird's  mouth  on  a  common 
rafter,  the  edges  of  the  hip  rafter  would  extend 
above  the  upper  ends  of  the  jack  rafters  as 
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Figure  10*15. -Backing  or  dropping  a  hip  rafter. 


surface,  or  the  top  edge  of  the  hip  rafter 
Dropping  means  to  deepen  the  bird's  mouth  so 
as  to  bring  the  top  edge  of  the  hip  rafter  down 
to  the  upper  ends  of  the  jacks.  The  amount  of 
drop  is  taken  on  the  heel  plumb  line. 

The  amount  of  backing  or  drop  required  is 
calculated  as  shown  in  figure  10-16.  Set  the 
framing  square  to  the  cut  of  the  rafter  (8  in.  and 
17  in.)  on  the  upper  edge  and  measure  off 
one-half  the  thickness  of  the  rafter  from  the 
edge  along  the  blade.  A  line  drawn  through  this 
mark,  parallel  to  the  edge,  will  indicate  the  bevel 
angle,  as  shown,  n  the  rafter  is  to  be  backed. 
The  perpendicular  distance  between  the  line  and 
the  edge  of  the  rafter  will  be  the  amount  of 
drop-meaning  the  amount  that  the  depth  of  the 
hip  rafter  bird's  mouth  should  exceed  the  depth 
of  the  common  rafter  bird  s  mouth. 


shown  in  figure  10-15.  This  can  be  corrected  by 
either  BACKING  or  DROPPING  the,hip  rafter. 
Backing  means  to  bevel  the  upper  edge  of  the 
hip  rafter.  As  shown  in  figure  10-15,  the  amount 
of  backing  is  taken  at  the  right  angle  to  the  roof 


VALLEY  RAFTER  LAYOUT 

A  valley  rafter  follows  the  )ine  of 
intersection  between  a  main  roof  surface  and  a 
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gable-roof  addition  Or  a  gable-roof  dormer 
surface.  Most  roofs  which  contain  valley  rafters 
are  EQUAL-PITCH  roofs,  in  which  the  pitch  of 
the  addition  or  dormer  roof  is  the  same  as  the 
pitch  of  the  main  roof.  There  are  UNEQUALr 
PiTCH  valley-rafter  roofs,  but  they  are  quite 
rare,  and  they  require  special  framing 
methods.  In  the  discussion  of  valley  rafter 
layout,  it  will  be  assumed  that  the  roof  is  in 
every  case  an  equal  pitch  roof,  in  which  the  unit 
of  run  and  unit  of  rise  of  an  addition  or  dormer 
common  rafter  is  the  same  as  the  unit  of  run  and 
unit  of  rise  of  a  main  roof  common  rafter.  In  an 
equal-pitch  roof,  the  valley  rafters  always  run  at 
45°  to  the  building  lines  and  the  ridge  pieces. 

Figure  1017  shows  in  EQUAL-SPAN 
framing  situation,  in  which  the  span  of  the 
addition  is  the  same  as  the  span  of  the  main 
roof.  Since  the  pitch  of  the  addition  roof  is  the 
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same  as  the  pitch  of  the  main  roof,  equal  spans 
bring  the  ridge  pieces  to  equal  heights. 

If  you  look  at  the  roof  framing  diagram  in 
the  figure*  you  will  see  that  the  total  run  of  a 
valley  rafter  (indicated  by  AB  and  AD  in  the 
diagram)  is  the  hypotenuse  of  a  right  triangle 
with  shorter  sides  equal  to  the  total  run  of  a 
common  rafter  in  the  main  roof.  The  unit  run  of 
a  valley  rafter  is  therefore  16.97,  the  wme  as  the 
unit  run  for  a  hip  rafter.  It  follows  that  figuring 
the  length  of  an  equal-span  valley  rafter  is  the 
same  as  figuring  the  length  of  an  equal-pitch  hip 
roof  hip  rafter. 

A  valley  rafter,  however,  does  not  require 
backing  or  dropping.  The  projection,  if  any,  is 
figured  just  as  it  is  for  a  hip  rafter.  Side  cuts  are 
laid  out  as  they  are  for  a  hip  rafter;  the 
valley-rafter  tail  has  a  double  side  cut,  like  the 
hip-rafter  tail*  out  in  the  reverse  direction,  since 
the  tail  cut  on  a  valley  rafter  must  form  an 
inside  rather  than  an  outside  corner.  As 
i  ndicated  in  figure  10-18,  the  ridge-end 
shortening  allowance  in  this  framing  situation 
amounts  to  one-half  of  the  45°  thickness  of  the 
ridee. 
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Figure  10*17,- Equal  span  main  roof  and  intersection        Figure  10-1 8. -Ridge-end  shortening  allowance  for  aqua! 

roof,  span  interjection  valley  rafter. 
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Figure  T(M 9, -Equal -pitch  but  unequal  span  framing 
situation* 


Figure  10-19  shows  a  framing  situation  in 
which  the  span  of  the  addition  is  shorter  than 
the  span  of  the  main  roof*  Since  the  pitch  of  the 
addition  roof  is  the  sasue  as  the  pitch  of  the 
main  roof,  the  shorter  span  of  the  addition 
brings  the  addition  ridge  down  to  a  lower  level 
than  that  of  the  main  roof  ridge. 

There  are  two  w^ys  of  framing  an 
intersection  of  this  type.  By  the  method  shown 
in  figure  10-19,  a  full-length  valley  rafter(ADin 
the  figure)  is  framed  between  the  rafter  plate 
and  the  ridge  piece,  and  a  shorter  valley  rafter 
(CB  in  the"  figure)  is  then  framed  to  the  longer 
one  If  you  study  the  framing  diagram,  you  will 
see  that  the  total  run  of  the  longer  valley  rafter 
is  the  hypotenuse  of  a  right  triangle  with  shorter 
sides  each  equal  to  the  total  run  of  a  common 
rafter  IN  THE  MAIN  ROOF.  The  total  run  of 


the  shorter  valley  rafter,  on  the  other  hand,  is 
the  hypotenuse  of  a  right  trian^e  with  shorter 
sides  each  equal  to  the  total  run  of  a  common 
rafter  IN  THE  ADDITION,  The  total  run  of  a 
common  rafter  in  the  main  roof  is  equal  to 
one-half  the  span  of  th<i  main  roof;  the  total  run 
of  a  common  rafter  in  the  addition  is  equal  to 
one-half  the  span  OF  THE  ADDITION* 

Knowing  the  total  run  of  a  valley  rafter,  or 
of  any  rafter,  for  th^t  matter,  you  can  always 
find  the  line  length  by  applying  the  bridge 
measure  times  the  total  run*  Suppose,  for 
example,  that  the  span  of  the  addition  %figure 
10-19  is  30  ft,  and  that  the  unit  rise  of  a 
common  rafter  in  the  addition  is  9.  The  total 
run  of  the  shorter  valley  rafter  is  the  square  root 
of  (15*  +  157),  or  21,21  ft.  If  you  refer  back  to 
the  unit  lengthjafter  table  in  figure  10-8,"  you 
will  see  that  the  bridge  measure  for  a  valley 
rafter  in  a  roof  *ith  a  common -rafter  unit  rise  of 
9  is  19.21.  Since  the  unit  run  of  a  valley  rafter  is 
16,97  and  the  total  run  of  this  rafter  is  21.21  ft, 
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Figure  10*20.-Long  and  short  valley  rafter  shortening 
allowance. 
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Figum  lf>2l.-Another  method  of  framing  squar-phcJi 
unequal  span  intersection. 


the  line  length  must  be  the  value  of  x  in  the 
proportional  equation  1 6,97: 1 9,21::  21.2 1  :x,  or 
24.01  ft. 

An  easier  way  to  find  the  length  of  a  valley 
rafter  is  to  simply  multiply  the  bridge  measure 
by  the  number  of  ft  in  one-half  the  span  OF 
THE  ROOF  TO  WHICH  THE  VALLEY 
RAFTER  BELONGS.  The  length  of  the  longer 
valley  rafter  in  figure  1019,  for  example,  would 
be  19.21  times  on^half  the  span  OF  THE  MAIN 
ROOF.  The  length  of  the  shorter  valley  rafter  is 
19.21  times  on^half  the  span  OF  THE 
ADDITION-  Since  one-half  the  span  of  the 
addition  is  15  ft,  the  length  of  the  shorter  valley 
rafter  is  15x19.21,  or  288.15  in,,  which  is 
288.15/12,  or  24,01  ft.  Note  again  that  when 
you  use  this  method  you  get  a  result  in  in., 
which  you  must  change  to  ft. 

Figure  10-20  shows  the  long  and  short  valley 
rafter  shortening  allowances.  Note  that  the  long 


valley  rafter  has  a  single  side  cut  for  framing  to 
the  main  roof  ridge  piece,  while  the  short  valley 
rafter  is  cut  square  for  framing  to  the  addition 
ridge. 

Figure  10-21  shows  another  method  of 
framing  an  equal-pitch  unequal-span  addition*  In 
this  method,  the  inboard  end  of  the  addition 
ridge  is  nailed  to  a  piece  which  hangs  from  the 
main  roof  ridge.  As  shown  in  the  framing 
diagram,  this  method  calls  for  two  short  valley 
rafters,  each  of  which  extends  from;  the  rafter 
plate  to  the  addition  ridge.  *The  framing  diagram 
shows  that  the  total  run  of  each  of  these  valley 
rafters  is  the  hypotenuse  of  a  right  triangle  with 
shorter  sides,  each  equal  to  the  total  run  of  a 
common  rafterIN  THE  ADDITION. 

As  indicated  in  figure  10-22,  the  shortening 
allowance  of  each  of  the  short  valley  rafters  is 
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Figure  10-22, "Shortening  allowance  of  valley  .after*  In 
suspended  ridge  method  of  interaction  roof  framing. 
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Figure  10-24.-Arrangement  snd  name*  of  framing  member*  for  dormer  without  ttdewall. 
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one*half  of  the  45°  thickness  of  the  addition 
ridge.  Each  rafter  is  framed  to  the  addition  ridge 
with  a  single  side  cut 

Figure  10-23  shows  a  method  of  framing  a 
gable  dormer  without  side  walls.  The  dormer 
ridge  is  framed  to  a  header  set  between  a  couple 
of  doubled  main-roof  common  rafters.  The 
valley  rafters  are  framed  between  this  header 
and  a  lower  header.  As  indicated  in  the  framing 
diagram*  the  total  run  of  a  valley  rafter  is  the 
hypotenuse  of  a  right  triangle  with  shorter  sides 
each  equal  to  the  total  run  of  a  common  rafter 
IN  THE  DORMER, 

Figure  1024  shows  the  arrangement  and 
names  of  framing  members  in  this  type  of 
dormer  framing. 

Figure  10-24  also  shows  that  the  upper  edges 
of  the  headers  must  be  beveled  to  the  cut  of  the 
main  roof.  Figure  1025  shows  that  in  this 
method  of  framing  the  shortening  allowance  for 
the  upper  end  0f  a  valley  rafter  is  one-half  of  the 
45°  thickness  of  the  inside  member  in  the  upper 
doubled  header.  There  is  also  a  shortening 
allowance  for  the  lower  end,  consisting  of 
one*half  of  the  45°  thickness  of  the  inside 
member  of  the  doubled  common  rafter.  The 
figure  also  shows  that  each  valley  rafter  has  a 
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double  side  cut  at  the  upper  end  and  a  double 
side  cut  at  the  lower  end. 

Figure  10-26  shows  a  method  of  framing  a 
gable  dormer  with  side  walls.  As  indicated  in  the 
framing  diagram,  the  total  run  of  a  valley  rafter 
is  again  the  hypotenuse  of  a  right  triangle  with 
shorter  sides  each  equal  to  the  run  of  a  common 
rafter  IN  THE  DORMER.  You  figure  the  lengths 
of  the  dormer  corner  posts  and  side  studsjust  as 
you  do  the  lengths  of  gable-end  studs*  and  you 
lay  off  the  lower-end  cut-off  angle  by  setting  the 
square  to  the  cut  of  the  main  roof. 

Figure  10*27  shows  the  valley  rafter 
shortening  allowances  for  this  method  of 
framing  a  dormer  with  side  walls. 
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Figure  10-25,-VeJJey  rafter  shortening  allowance  for 
dormer  without  ride-wall. 
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Figure  10-26,- Method  ol  framing  gable  dormer  with 
ridewelJ*. 
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Figure  10*27,-*  Volley  rafter  shortening  allowances  for  dormer  with  tfdewall. 
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JACK  RAFTER  LAYOUT 

A  jack  rafter  is  a  part  of  a  common  rafter, 
shortened  for  framing  a  hip  rafter,  a  valley 
rafter,  0r  both.  This  means  that  in  an  equal-pitch 
framing  situation,  the  unit  rise  of  a  jack  rafter  is 


always  the  same  as  the  unit  rise  of  a  common 
rafter. 

A  HIP  JACK  rafter  is  one  which  extends 
from  a  hip  rafter  a  rafter  plate.  A  VALLEY 
JACK  rafter  is  0ne  which  extends  from  a  valley 
rafter  to  a  ridge.  A  CRIPPLE  JACK  rafter  is  one 
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Figure  10-28  -Type*  of  jack  rafter*. 
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Figure  1 0-29.-VaHey  cripple  jack  and  hfp-velleY  cripple 
j*ck». 


which  does  not  ccnUct  either  a  rafter  plate  or  a 
ridge.  A  VALLEY  CRIPPLE  JACK  is  one  which 
extends  between  two  valley  rafters  ir  the 
long-and-short-vailey-rafter  method  of  addition 
framing.  A  HIP- VALLEY  CRIPPLE  3  ACK  is  one 
which  extends  from  a  hip  rafter  to  a  valley 
rafter.  All  types  of  jacks  except  cripple  jacks  are 
shown  in  figure  10-28.  A  valiey  cripple  jack  and 
a  couple  of  hip- valley  uipple  jacks  are  shown  in 
figure  10-29. 


Lengths  of  Hip  Ja<^  Rafters 

Figure  10-30  shows  a  roof  framing  diagram 
for  a  series  of  hi?  jack  rafters.  The  jacks  are 
always  on  the  same  spacing  O.C.  as  the  common 
rafters.  Suppose  that  the  spacing  in  this  instance 
is  16  in.  O.C  You  can  see  tnat  the  total  run  of 
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Figure  1f>30.-Hip  jack  framing  diagram. 


the  shortest  jack  is  the  hypoteruse  of  a  right 
triangle  with  shorter  sides  each  16  in.  long.  The 
total  run  of  the  shortest  jack,  is  therefore  the 
square  root  of  (16*  +  16*),  or  22.62  in. 

Suppose  that  a  common  rafter  in  this  roof 
has  a  unit  rise  of  S.  The  jacks  have  the  same  unit 
rise  as  a  common  rafter.  The  unit  length  of  a 
jack  in  this  roof  is  the  square  root  of  (12*  +  81), 
or  14.42.  This  means  that  a  jack  is  14.42  units 
long  or  every  12  units  of  run.  The  length  of  the 
shortest  hip  jack  in  this  roof  is  therefore  the 
value  of  x  in  the  proportional  equation 
,12:14.42::l6:x,  or  19.23  in. 

This  is  always  the  length  of  the  shortest  hip 
jack  when  the  jacks  are  spaced  16  in*  O.C.  and 


the  common  rafter  in  the  roof  has  a  unit  rise  of 
8.  It  is  also  the  COMMON  DIFFERENCE  OF 
JACKS,  meaning  that  the  next  hip  jack  will  be 
2(19.23  in.)  long,  the  next  3(19.23  in.)  long, 
and  so  on. 

The  common  difference  for  hip  jacks  spaced 
16  in.  O.C,  and  also  for  hip  jacks  spaced  24  in. 
O.C,  is  given  in  the  unit  length  rafter  table  on 
the  framing  square  for  unit  rises  ranging  from  2 
to  1 8  inclusive^  Turn  ba^k  to  figure  10-8,  which 
shows  a  segment  of  the  unit  length  rafter  table. 
Note  the  third  line  in  the  table,  which  reads 
uDiff.  in  length  of  jacks  16  in.  centers,"  If  you 
follow  this  line  over  to  the  figure  under  8  (for  a 
unit  rise  of  8),  you  will  find  the  same  unit  length 
(19.23  in.)  that  you  worked  out  above. 

The  best  way  to  figure  the  length  of  a  valley 
jack  or  a  cripple  jack  is  to  apply  the  bridge 
measure  to  the  total  run.  The  bridge  measure  of 
any  jack  is  the  same  as  the  bridge  measure  of  a 
common  rafter  having  the  same  unit  of  rise  as 
the  jack.  Suppose  that  th^jack  has  aunit  rise  of 
8.  In  figure  10-8,  look  along  the  line  on  the  unit 
length  rafter  tables  headed  "Length  common 
rafters  per  foot  run"  for  the  figure  in  the 
column  Mnder  8,  and  you  will  find  a  unit  length 
of  14.42.  You  should  know  by  this  time  how  to 
apply  this  to  the  total  run  of  a  jack  to  get  the 
line  length. 

The  best  way  to  figure  the  total  runs  of 
valley  jacks  and  cripple  jacks  is  to  lay  out  a 
framing  diagram  and  study  it  to  determine  what 
these  runs  must  be.  Figure  10*31  shows  part  of  a 
framing  diagram  for  a  main  hip  roof  with  a 
long-and-short-valley-rafter  gable  addition.  By 
studying  the  diagram,  you  can  figure  the  total 
runs  of  the  valley  jacks  and  cripple  jacks  as 
follows: 

The  run  of  valley  jack  No.  1  is  obviously  the 
same  as  the  run  of  hip.  jack  No*  8,  which  is  the 
run  of  the  shortest  hip  jack.  The  length  of  valley 
jack  No.  1  is  therefore  equal  to  the  common 
difference  of  jacks. 

The  run  of  valley  jack  No.  2  is  the  same  as 
the  run  of  hip  jack  No.  7,  and  the  length  is 
therefore  twice  the  common  difference  of  jacks* 

The  run  of  valley  jack  No.  3  is  the  same  as 
the  run  of  hip  jack  No.  6,  and  the  length  is 
therefore  three  times  the  common  difference  of 
jacks. 
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Figure  10-31.-Jack  raftor  framing  diagram. 


The  run  of  hip-valley  cripple  No.  4,  and  also 
of  hip-valiey  cripple  No.  5,  is  the  same  as  the  run 
of  valley  jack  No.  3. 

The  run  of  valley  jack  No.  9,  and  also  of 
valley  jack  No.  10,  is  equal  to  the  spacing  of 
jacks  O.C  Therefore,  the  length  of  one  of  these 
jacks  is  equal  to  the  common  difference  of  jacks. 

The  run  of  valley  jacks  Nos.  II  and  12  is 
twice  the  run  of  valley  jacks  Nos.  9  and  10,  and 
the  length  of  one  of  these  jacks  is  therefore 
twice  the  common  difference  of  jacks. 

The  run  of  vailey  cripple  No.  13  is  twice  the 
spacing  of  jacks  O.C,  and  the  length  is  therefore 
twice  the  common  difference  of  jacks. 

The  run  of  valley  cripple  No.  14  is  twice  the 
run  of  valley  cripple  No.  13,  and  the  length  is 
therefore  4  times  the  common  difference  of 
jacks. 

Jack  Rafter  Shortening  Allowances 

A  hip  jack  rafter  has  a  shortening  allowance 
at  the  upper  end  consisting  of  one-half  of  the 
45°  thickness  of  the  hip  rafter.  A  valley  jack 


rafter  has  a  shortening  allowance  at  the  upper 
end,  consisting  of  one-half  of  the  thickness  of 
the  ridge,  and  another  at  the  lower  end, 
consisting  of  one-half  of  the  45°  thickness  of  the 
valiey  rafter.  A  hip-valiey  cripple  has  a 
shortening  allowance  at  the  upper  end, 
consis^jig  of  one-half  of  the  45°  thickness  of  the 
hip  rafter,  and  another  at  the  lower  end, 
consisting  of  one-half  of  the  45°  thickness  of  the 
valley  rafter.  A  valley  cripple  has  a  shortening 
allowance  at  the  upper  end,  consisting  of 
one-half  of  the  45°  thickness  of  the  long  valley 
rafter,  and  another  at  the  lower  end,  consisting 
of  one-half  the  45*  thickness  of  the  short  valley 
rafter. 

Jack  Rafter  Side  Cuts 

The  side  ciU  on  a  jack  rafter  can  be  laid  out 
by  the  method  illustrated  in  figure  10-14  for 
laying  out  the  side  cut  on  a  hip  rafter-  Another 
method  is  to  use  the  fifth  line  of  the  unit  length 
rafter  table,  which  is  headed  "Side  cut  of  jacks 
use"  (fig.  10-8).  If  you  follow  that  line  over  to 
the  figure  under  8  (for  a  unit  rise  of  8),  you  will 
see  that  the  figure  given  is  10.  To  lay  out  the 
side  cut  on  a  jack,  set  the  square  face-up  on  the 
edge  of  the  rafter  to  12  in.  on  the  tongue  and 
10  in.  on  the  blade,  and  draw  the  side-cut  line 
along  the  tongue. 

Jack  Rafter  Bird's 
Mouth  and  Projection 

A  jack  rafter  is  a  shortened  common  rafter; 
consequently,  the  bird's  mouth  and  projection 
on  a  jack  rafter  are  laid  out  just  as  they  are  on  a 
common  rafter. 

RIDGE  LAYOUT 

Laying  out  the  ridge  for  a  gable  roof 
presents  no  particular  problem,  since  the  line 
length  of  the  ridge  is  equal  to  the  length  of  the 
building.  The  actual  length  would  include  any 
overhang.  For  a  hip  main  roof,  however,  the 
ridge  layout  requires  a  certain  amount  of 
calculation. 

As  previously  mentioned,  in  an  equal-pitch 
hip  roof,  the  line  length  of  the  ridge  amounts  to 
the  length  of  the  building  minus  twice  the  total 
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Figura  1032,-Line  ml  *&tu«J  length!  of  hip  roof  ridge. 


run  of  a  main  roof  common  rafter.  The 
ACTUAL  length  depends  upon  the  way  in  which 
the  hip  rafters  are  framed  to  the  ridge. 

As  indicated  in  figure  10-32,  the  line  length 
ends  of  the  ridge  are  at  the  points  where  the 
ridge  centerline  and  the  hip  ra/ter  centerlines 
cross.  In  figure  10-32,  the  hip  rafter  is  framed 
against  the  ridge;  in  this  method  of  framing,  the 
actual  length  of  the  ridge  exceeds  the  line  lengthy 
at  each  end,  by  one-half  of  the  thickness  of  the 
ridge,  plus  one-half  of  the  45°  thickness  of  the 
hip  rafter.  In  figure  10-32,  the  hip  rafter  is 
framed  between  the  common  rafters;  in  this 
method  of  framing  the  actual  length  of  the  ridge 
exceeds  the  line  length,  at  each  end>  by  one-half 
of  the  thickness  of  a  common  rafter. 

Figure  10-33  shows  that  the  length  of  the 
ridge  for  an  equal-span  addition  is  equal  to  the 
length  of  the  addition  rafter  plate,  plus  one-half 
the  span  of  the  building,  minus  the  shortening 


allowance  at  the  main  roof  rid^e;  the  shortening 
allowance  amounts  to  one-half  of  the  thickness 
of  the  main  roof  ridge.  Figure  10-33  shows  that 
the  length  of  the  ridge  for  an  unequal-span 
addition  varies  with  the  method  of  framing  the 
ridge.  If  the  addition  ridge  is  suspended  from  the 
main  roof  ridge,  the  length  is  equal  to  the  length 
of  the  addition  rafter  plate  plus  one-half  the 
span  of  the  building.  If  the  addition  ridge  is 
framed  by  the  long-and^short  valley  rafter 
methog,  the  length  is  equal  to  the  length  of  the 
addition  rafter  plate,  plus  one-half  of  the  span  of 
the  addition,  minus  a  shortening  allowance 
consisting  of  one-half  of  the  45°  thickness  of  the 
long  valley  rafter.  If  the  addition  ridge  is  framed 
to  a  double  header  set  between  a  couple  of 
doubJe  main  roof  common  rafters,  the  length  of 
the  ridge  is  equal  to  the  length  of  the  addition 
side-wall  rafter  plate,  plus  one-half  the  span  of 
the  addition,  minus  a  shortening  allowance 
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consisting  of  one-half  the  thickness  of  the  inside 
member  of  the  double  header- 
Figure  1034  shows  that  the  length  of  the 
ridge  on  a  dormer  without  side  walls  is  equal  to 
one-half  of  the  span  of  the  dormer,  less  a 
shortening  allowance  consisting  of  one-half  the 
thickness  of  the  inside  member  of  the  upper 
double  header  Figure  1034  shows  that  the 
length  of  the  ridge  on  a  dormer  with  side  walls 
amounts  to  the  length  of  the  dormer  rafter 
plate,  plui  one-half  the  span  of  the  dormer, 
minus  a  shortening  allowance  consisting  of 
one-half  the  thickness  of  the  inside  member  of 
the  upper  double  header 

SHED  ROOF  FRAMING 

As  previously  mentioned  a  SHED  or 
SINGLE-PITCH  roof  is  essentia^  on^half  of  a 
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Figure  10-34-— Lengths  of  dormer  ridge. 


gable  or  double-pitch  roof.  Like  the  full-length 
rafters  in  a  gable  roof,  the  full-length  rafters  in  a 
shed  roof  are  COMMON  rafters.  Note,  however, 
that  as  shown  in  figure  1035,  the  total  run  ofa 
shed  roof  common  rafter  is  equal  to  the  span  of 
the  building  MINUS  THE  WIDTH  OF  THE 
RAFTER  PLATE  ON  THE  HIGHER 
RAFTER-END  WALL  Note  also,  thM  the  run 
of  the  projection  on  the  higher  wall  is  measured 
from  the  INNER  EDGE  of  the  rafter  plate.  To 
this  must  be  added  the  width  of  the  plate  and 
the  length  of  the  overhang  at  the  top.  Shed*ioof 
common  rafters  are  laid  out  like  gable-roof 
common  rafters.  A  shed*roof  common  rafter  has 
two  bird's  mouths-  but  they  are  laid  out  just  like 
the  bird's  mouth  on  a  gable-roof  common  rafter. 
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Figure  10-35, -Shed  roof  framing. 


Figure  10-35  also  shows  that  the  height  of 
the  higher  rafterend  wall  must  exceed  the 
height  of  the  lower  by  an  amount  equal  to  the 
total  rise  of  a  common  rafter. 

Figure  10-36  shows  a  method  of  framing  a 
shed  dormer,  Ther€  are  3  layout  problems  to  be 
solved  here,  as  follows:  (1)  determining  the  total 
run  of  a  dormer  rafter,  ( 2)  determining  the  angle 
of  cut  on  the  inboard  ends  of  the  dormer  rafters, 
and  (3)  determining  thfe  lengths  of  the  dormer 
side-wall  studs. 

To  determine  the  total  run  of  a  dormer 
rafter,  you  divide  the  height  of  the  dormer  end 
wall,  in  in.,  by  the  difference  between  the  unit 
rise  of  the  dormer  roof  an<J  the  unit  rise  of  the 
main  roof.  Take  the  dormer  shown  in  figure 
10-37,  for  example;  the  height  of  the  dormer 
end-wall  is  9  ft,  or  108  in.  The  unit  rise  of  the 
main  roof  is  8;  the  unit  rise  of  the  dormer  roof  is 
*  1/2;  the  difference  between  them  is  5  1/2,  The 
total  run  of  a  dormer  rafter  is  therefore  108 
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Figure  10-36.  -Method  of  framing  a  shed  dormar. 
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Figure  10*37 Shed  dormer  framing  calculation*. 


divided  by  5  l/2,  or  19.63  ft.  Knowing  the  total 
run  and  the  unit  rise,  you  can  figure  the  length 
of  a  dormer  rafter  by  any  of  the  methods 
already  described. 

As  indicated  in  figure  10*37,  the  inboard 
ends  of  the  dormer  rafters  must  be  cut  to  fit  the 
slope  of  the  main  roof.  To  get  the  angle  of  this 
cut,  set  the  square  on  the  rafter  to  the  cut  of  the 
main  roof,  as  shown  in  the  third  view  of  figure 
1 037;  measure  off  the  unit  size  of  the  dormer 
roof  from  the  heel  of  the  square  alon,;  the 
tongue  as  indicated;  make  a  mark  at  this  point; 
and  draw  the  cutoff  line  through  this  mark  from 
the  1 2*in,  mark. 

You  figure  the  lengths  of  the  side-wall  studs 
on  a  shed  dormer  as  follows:  in  the  roof  shown 


in  figure  10-37,  a  dormer  rafter  raises  2  1/2  units 
for  every  12  units  of  run,  and  a  main  roof 
common  rafter  rises  8  units  for  every  1 2  units  of 
run,  ff  the  studs  were  spaced  1 2  in*  0,G,  the 
length  of  the  shortest  stud  (which  is  also  the 
COMMON  DIFFERENCE  of  studs)  would  be 
the  difference  between  8  and  2  1/2  in,,  or  5  1/2 
inches.  This  being  the  case,  if  the  stud  spacing  is 
16  in,,  'the  length  of  the  shortest  stud  is  the 
value  of  x  in  the  proportional  equation 
12:5  l/2::16:x,  or  7  5/16  in.  The  shortest  stud, 
then,  will  be  7  5/16  in.  long;  the  next  stud  will 
be  2(7  5/l6)in,  long,  and  so  on.  To  get  the 
lower-end  cutoff  angle  for  studs  you  set  the 
square  on  the  stud  to  the  cut  of  the  main  roof; 
to  get  the  upper-end  cutoff  angle  you  set  it  to 
the  cut  of  the  dormer  roof. 

RAFTER  LOCATION  LAYOUT 

Rafter  locations  are  laid  out  on  plates,  ridge 
and  other  rafters  with  the  same  lines  and  X*s 
used  to  layout  stud  and  joist  locations.  For  a 
gable  roof,  the  rafter  locations  are  laid  out  on 
the  rafter  plates  first,  and  the  locations  are  then 
transferred  to  the  ridge  by  matching  the  ridge 
against  a  rafter  plate. 

The  rafter-plate  locations  of  the  ridge-end 
common  rafters  in  an  equal-pitch  hip  roof 
measure  one-half  of  the  span  (or  the  run  of  a 
main-roof  common  rafter)  away  from  the 
building  corners.  These  locations,  plus  the 
rafter-plate  locations  of  the  rafters  lying 
between  the  ridge-end  common  rafters,  can  be 
transferred  to  the  ridge  by  matching  the  ridge 
against  the  rafter  plates. 

The  locations  of  additional  ridge  and  valley 
rafters  can  be  determined  as  indicated  in  figure 
10*38,  In  an  equal*span  situation  (illustrated  in 
Nos.  1  and  2, .  fig.  10-38),  the  valley  rafter 
locations  on  the  main  roof  ridge  lie  alongside  the 
addition  ridge  location.  In  No,  1  of  figure  10*38, 
the  distance  between  the  end  of  the  main  roof 
ridge  and  the  addition  ridge  location  is  equal  to 
distance  A  plus  distance  B,  distance  B  being 
one-half  the  span  of  the  addition.  In  No,  2  of 
figure  10*38,  the  distance  between  the  line 
length  end  of  the  main  roof  ridge  and  the 
addition  ridge  location  is  the  same  as  distance  A. 
In  both  cases,  the  line  length  of  the  addition 
ridge  is  equal  to  onHialf  the  span  of  the 
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Figure  10»38.Hnter*6ction   ridge  and   valley  rafter 
location  layout. 


addition  plus  the  length  of  the  addition  side-wall 
rafter  plate. 

No.  3  of  figure  1 0*38  shows  an  unequal-span 
situation.  If  framing  is  by  the  long-and-short 
valley  rafter  method,  the  distance  from  the  end 
of  the  main  roof  ridge  to  the  upper  end  of  the 
longer  valley  rafter  is  equal  to  distance  A  plus 
distance  B,  distance  B  being  one-half  of  the  span 
of  the  main  roof.  The  location  of  the  inboard 
end  of  the  shorter  valley  rafter  on  the  longer 
valley  rafter  can  be  determined  as  follows:  first 
calculate  the  unit  length  of  the  longer  valley 
rafter,  or  obtain  it  from  the  unit-length  rafter 
tables.  Let  us  suppose  that  the  common-rafter 


unit  rise  is  8,  in  that  case  the  unit  length  of  a 
valley  rafter  is  18.76. 

The  total  run  of  the  longer  valley  rafter 
between  the  point  where  the  shorter  rafter  ties 
in  and  the  rafter  plate  is  the  hypotenuse  of  a 
right  triangle  with  other  sides  each  equal  to 
one-half  of  the  span  of  the  addition.  Suppose 
the  addition  is  20  ft  wide;  then  the  total  run  in 
question  is  the  square  root  of  GO2  +  102)>or 
l4J4ft. 

You  know  that  the  valley  rafter  is  18.76 
units  long  for  every  16.97  units  of  run.  The 
length  of  rafter  for  14.14  ft  of  run  must 
therefore  be  the  value  of  x  in  the  proportional 
equation  16.97: 18.76::  14.1 4:x,  or  15.63  ft.  The 
location  mark  for  the  inboard  end  of  the  shorter 
valley  rafter  on  the  longer  valley  rafter*  then, 
will  be  15,63  ft,  or  15  ft  7  9/16  in.,  from  the 
heel  plumb  cut  line  On  the  longer  valley  rafter. 
The  length  of  the  additional  ridge  will  be  equal 
to  one-half  the  span  of  the  addition*  plus  the 
length  of  the  additional  side-wall  rafter  plate, 
minus  a  shortening  allowance  equal  to  one-half 
of  the  45°  thickness  of  the  longer  valley  rafter. 

If  framing  is  by  the  suspended-ridge  method, 
the  distance  between  the  suspension  point  on 
the  main  roof  ridge  and  the  end  of  the  main  roof 
ridge  is  equal  to  distance  A  plus  distance  C; 
distance  C  is  one-haif  of  the  span  of  the 
addition.  The  distance  between  the  point  where 
the  inboard  ends  of  the  valley  rafters  (both  short 
in  this  method  of  framing)  tie  into  the  addition 
ridge  and  the  out*board  end  of  the  ridge  is  equal 
to  one-half  the  span  of  the  addition  plus  the 
length  of  the  additional  side-wall  rafter  plate. 
The  length  of  the  additional  ridge  is  equal  to 
one-half  of  the  span  of  the  main  roof  plus  the 
length  of  the  addition  side  wall  rafter  plate. 


COLLAR  TIE 

Gable  or  double-pitch  roof  rafters  are  often 
reinforced  by  horizontal  members  called  collar 
ties  (fig.  10-39).  In  a  finished  attic,  the  ties  may 
also  function  as  ceiling  joists. 

To  find  the  line  length  of  a  collar  tie,  divide 
the  amount  of  drop  of  the  tie  in  in.  by  the  unit 
of  rise  of  the  common  rafter.  This  will  equal 
one-half  the  length  of  the  tie  in  ft.  Double  the 
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result  for  the  actual  length.  The  formula  is: 
Drop  in  in,  x  2  over  unit  of  rise,  equals  the 
length  in  ft 

The  length  of  the  collar  tie  depends  on 
whether  the  drop  is  measured  to  the  top  edge  or 


bottom  edge  of  the  collar  tie  (fig,  10-39),  The 
tie  must  fit  the  slope  of  the  roof.  To  obtain  this 
angle,  use  the  framing  square.  Hold  unit  of  run 
and  unit  of  rise  of  the  common  rafter,  Mark  and 
cut  on  unitofrunside(fig,  1040)* 


BUILDER  3  &  2 


ROOF  TRUSSES 

The  simple  tniss  or  trussed  rafter  is  an 
assembly  of  members  forming  a  rigid  framework 
of  triangular  shapes  that  can  support  loads  over 
relatively  long  spans.  See  view  A  of  figure  1041. 
The  webs,  chords  (lower  and  upper),  and  gussets 
make  up  the  assembly.  Chords  and  webs  are 
connected  to  one  another  by  means  of 
gussets— metal  plates  or  plywood  pieces  that  are 
nailed,  glued,  or  bolted  in  place.  In  some  trusses, 
split  rings  are  used  instead  of  gussets. 

Using  simple  trusses  in  roof  construction 
results  in  saving  building  materials  and 
shortening  the  time  it  takes  to  put  a  structure 
under  roof.  Important  in  selecting  the  type  of 
truss  to  use  is  the  load  that  the  roof  must  carry. 
Factors  to  consider  include  weight  of  snowfall, 
ices  and  the  roof  itself;  forces  due  to  the  wind; 
slope  of  the  roof,  and  span.  The  loading 
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FfQttrt  1041.— Light  wood  trtrae*:  A.  W*yf»;  B.  King- 
port;  C-  Sdwn- 


requirement  usually  increases  as  weights  and 
forces  increase,  cut  of  the  roof  decreases,  and 
span  lengthens.  To  help  support  bigger  loads, 
trusses  are  made  stronger  by  adding  more 
members  as  well  as  using  larger  sized  members, 
better  grades  of  lumber,  and  stronger 
connections. 


TYPES  OF  TRUSSES 


The  most  common  types  of  light  wood 
trusses  are  the  king  post,  W,  and  scissors.  The 
KING  POST  truss  is  the  simplest  type  used  for 
structures.  It  consists  of  upper  and  lower  chords 
and  a  vertical  centerpost,  as  shown  in  view  Bs 
fig.  1041.  The  W-truss,  as  shown  in  view  A,  fig. 
1041,  is  perhaps  the  most  widely  used  light 
wood  truss.  Notice  that  it  has  no  vertical 
centerpost,  using  instead  four  web  members 
assembled  in  the  shape  of  the  letter  W.  As  shown 
in  view  C,  fig.  10-41,  the  SCISSORS  truss  is  used 
for  structures  in  which  a  sloping  room  ceiling  is 
desired,  such  as  a  cathedral  ceiling- 
Trusses  arc  easily  adaptable  to  a  rectangular 
structure  since  uniform  width  calls  for  only  one 
type  of  truss.  They  can  also  be  used  in 
constructing  the  roof  of  an  L-shaped  structure. 
Special  trusses  can  be  fabricated  for  hip  roofe. 


FABRICATION 


The  construction  features  of  a  typical 
W-truss  are  shown  in  figure  1042.  Also  shown 
are  gusset  cutout  sizes  and  nailing  patterns  for 
naH»glueing>  The  span  of  this  truss  is  26  ft  and 
cut  of  roof  is  4/12.  Wh^n  spaced  24  in.  apart 
and  made  of  good  quality  2-  by  4-inch  members, 
the  trusses  should  be  able  to  support  a  total  roof 
load  of  40  lb  per  sq  ft. 

Gussets  for  light  wood  trusses  are  cut  from 
3/8-  or  1/2-inch  standard  plywood  with  an 
exterior  glue  line  or  from  sheathing  grade 
exterior  plywood-  Glue  is  spread  on  the  clean 
surfaces  of  the  gussets  and  truss  members. 
Staples  are  used  to  supply  pressure  until  the  glue 
is  set  Under  normal  conditions  and  where  the 
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flgun  10*42.~Conitructi&riof  »2Wt  W4rim:  A.  Btvft14iMl  gutttt;  B*  Pock  gutter.;  C.  UpJWr  chord  Intermediate  wmU 

D,  Splice  of  lower  chord;  E.  lower  chord  ifiterm*diiU-4iit**t. 


relative  humidity  of  air  in  attic  spaces  tends  to 
be  high,  a  resorcinol  glue  is  applied.  In  dry  and 
arid  areas,  a  casein  or  similar  glue  is  used  Two 
rows  of  4-penny  nails  are  used  for  either  the  3/8- 
or  I/2-inch  thickness  of  plywood.  The  nails  are 
spaced  so  that, they  are  3  in.  apart  and  3/4 in. 
from  the  edges  of  the  truss  members.  Gussets  are 
nail-glued  to  both  sides  of  the  truss. 

Plywood-gusset,  king-post  trusses  are  limited 
to  spans  of  26  ft  or  less  if  spaced  24  in.  dfrart 
and  fabricated  with  2-  by  4-inch  members  and  a 
4/1 2  roof  cut.  The  spans  are  somewhat  less  than 
those  allowed  for  W-trusses  having  the 
same-sized  members.  The  shorter  span  for  the 
king-post  truss  is  due  in  part  to  the  unsupported 
upper  chord  On  the  other  hand,  because  it  has 
more  members  than  the  king-post  truss  and 
distances  between  connections  are  shorter,  the 

truss   can   span    up    to   32  ft  without 


intermediate  support  and  its  members  can  be 
made  of  lower  grade  lumber. 

HANDLING 

Trusses  are  designed  to  carry  roofloads  in  a 
vertical  or  upright  position,  so  it  is  important 
that  they  be  lifted  and  stored  in  this  position.  If 
they  must  be  handled  in  a  horizontal  or  flat 
position,  enough  workers  or  supports  should  be 
used  to  minimize  bending.  A  truss  is  never  to  be 
supported  at  its  center  only  or  at  each  end  only 
when  in  a  flat  position. 


ROOF  FRAMING  ERECTION 

Roof  framing  should  be  done  from  a 
scaffold  with  planking  not  less  than  4  ft  below 
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the  level  of  the  main  roof  ridge.  The  usual  type 
of  roof  scaffold  consists  of  diagonally-braced 
two-legged  horses,  spaced  about  10  ft  apart  and 
extending  the  full  length  of  the  ridge. 

If  the  building  has  an  addition,  as  much  as 
possible  of  the  main  roof  is  framed  before  the 
addition  framing  is  started.  Cripples  and  jack 
rafters  are  usually  left  out  until  after  the 
headers,  hip  rafters,  valley  rafters,  and  ridges  to 
which  they  will  be  framed  have  been  installed. 

For  a  gable  roof,  the  two  pairs  of  gable-end 
raftets  and  the  ridge  are  usually  erected  first. 

Two  crewmembers,  one  at  each  end  of  the 
scaffold,  hold  the  ridg*;  in  position,  while 
another  crewmember  sets  the  gable^nd  rafters 
in  place  and  toenails  them  at  the  rafter  plate 
with  8-penny  nails,  one  to  each  side  of  a  rafter. 
Before  we  proceed  any  further,  see  table  9-1  as 
to  the  type  aid  site  nails  used  in  roof  framing 
erection-  Each  crewmember  on  the  scaffold  then 
end*nails  the  ridge  to  one  of  the  rafters  with  two 
1  Openny  nails,  driven  through  the  ridge  into  the 
end  of  the  rafter;  and  toenails  the  other  rafter  to 
the  ridge  and  to  the  first  rafter  with  two 
10-penny  nails,  one  on  each  side  of  the  rafter. 
Temporary  braces,  like  those  for  a  wall,  should 
be  set  up  at  the  ridge  ends  to  hold  the  rafters 
approximately  plumb,  after  which  the  rafters 
between  the  end-rafters  should  be  erected.  The 
braces  should  then  be  released,  and  the  pair  of 
rafters  at  one  end  should  be  plumbed  with  a 
plumb  line,  fastened  to  a  stick  extended  from 
the  end  of  the  ridge.  The  braces  should  then  be 
reset,  and  they  should  be  left  in  place  until 
enough  sheathing  has  been  installed  to  hold  the 
rafters  plumb.  Collar  ties,  if  any,  are  nailed  to 
common  rafters  with  8-penny  nails,  three  to 
each  end  of  a  tie.  Ceiling-joists  ends  are  nailed  to 
adjacent  rafters  with  lOpenny  nails. 

On  a  hip  roof,  the  ridge-end  common  rafters 
and  ridges  are  erected  first,  in  about  the  same 
manner  as  for  a  gable  foor,  and  the  intermediate 
common  rafters  are  then  filled  in.  After  that,  the 
ridge-end  common  rafters  extending  from  the 
ridge  ends  to  the  midpoints  on  the  end  walls  are 
erected.  The  lup  rafters  and  hip  jacks  are 
installed  next.  The  common  rafters  in  a  hip  roof 


do  not  require  plumbing;  if  the  hip  rafters  are 
correctly  cut,  installing  the  hip  rafters  will  bring 
the  common  rafters  plumb.  Hip  rafters  are 
toenailed  to  plate  corners  with  lfcpenny  nails. 
Hip  jacks  are  toenailed  to  hip  rafters  with 
10*penny  nails. 

For  an  addition  or  dormer,  the  valley  rafters 
are  usually  erected  first.  Valley  rafters  are 
toenailed  to  plates  and  to  ridge  pieces  and 
headers  with  1 0-penny  nails.  Ridges  and 
ridge*end  common  rafters  are  erected  1  next, 
other  addition  common  rafters  next,  and  valley 
and  cripple  jacks  last.  A  valley  jack  should  be 
held  in  position  for  nailing  as  shown  in  figure 
1043.  Whsn  properly  nailed,  the  end  of  a 
straightedge  laid  along  the  top  edge  of  the  jack 
should  contact  the  centeriine  of  the  valley  rafter 
as  shown. 

In  erecting  trusses,  it  is  important  to  anchor 
them  properly.  Because  of  their  single  member 
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Figure  1043*-Correct  petition  for  nellfnG  a  vellay  jack 
rafter. 
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thickness  and  use  of  plywood  gussets  at  the 
wallplates,  some  kind  of  metal  connector  or 
plate  anchor  is  used  to  supplement  the 
toenailings.  Trusses  are  often  furnished  with  a 
2*  by  4-inch  soffit  return  at  the  end  of  each 
upper  chord  to  provide  nailings  for  the  soffit. 


ROOF  SHEATHING 

The  lower  layer  of  roof  covering  is  called  the 
ROOF  SHEATHING;  the  upper  layer  is  called 
the  ROOF  COVERING  or  the  ROOFING.  The 
roof  sheathing,  like  the  wall  sheathing  and  the 
subflooring,  is  a  structural  element  and  therefore 
a  part  of  the  framing.  The  roof  covering  or 
roofing  is  a  part  of  the  exterior  finish.  Roof 
sheathing,  like  wall  sheathing  and  subflooring, 
may  be  laid  either  horizontally  or  diagonally. 
Horizontal  sheathing  may  be  either  CLOSED 
sheathing  (laid  with  no  spaces  between  courses) 
or  OPEN  sheathing  (laid  with  spaces  between 
courses).  Open  sheathing  is  used  for  the  most 
part  only  when  the  roof  covering  is  to  consist  of 
wooden  shingles.  Closed  sheathing  is  usually 
nominal  8-in.  in  width;  it  may  consist  of 


square-edge  d  boards  bu  t  m  ay  be  d  ressed- 
and*matched  or  shiplapped.  Open  sheathing 
usually  consists  of  1  by  3  or  1  by  4  strips,  with 
spacing  O.C.  equal  to  the  specified  exposure  of 
shingles  TO  THE  WEATHER.  An  18-in.  shingle 
which  is  lapped  12  in.  by  the  shingle  above  it  is 
said  to  be  laid  6  in.  to  the  weather. 

Sheathing  should  be  nailed  with  two 
8-penny  nails  to  each  rafter  crossing.  End-joint 
requirements  are  the  same  as  those  previously 
described  for  wall  sheathing.  The  sheathing  ends 
should  be  sawed  flush  with  the  outer  face  of  the 
end-wall  sheathing,  unless  a  projection  of  the 
roof  sheathing  over  the  end*walls  is  called  for.  If 
such  £  projection  is  needed,  projecting  sheathing 
boards  must  be  long  enough  to  span  at  least 
three  rafter  spaces. 

Plywood,  usually  in  8-  by  4-ft  sheets,  laid 
horizontally,  is  frequently  used  for  roof 
sheathing.  In  trussed  rafter  construction  where 
the  trusses  are  spaced  2  ft  apart,  the  interior 
sheathing  is  thicker  than  that  used  in 
conventional  rafter  construction  with  I6*in. 
spacing.  Nailing  requirements  are  the  same  as 
those  previously  described  for  8- by  4-ft  sheets 
of  plywood  wall  sheathing. 
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EXTERIOR  FINISH 


Chapters  9  and  10  dealt  with  the  process  of 
framing  wood  structures.  The  main  framework 
*  materials  included  joists,  studs,  rafters,  and  other 
structural  members-  These  structural  members 
constitute  the  ROUGH  CARPENTRY  in  a 
structure.  They  are  the  main  supports  of  the 
wood-frame  structure,  whereas  the  subflooring 
and  the  wall  and  roof  sheathing  strengthen  and 
brace  the  frame* 

The  rest  of  the  work  on  the  structure 
concerns  installation  of  the  nonstructural 
members.  This  work  is  called  FINISH 
CARPENTRY,  and  includes  mainly  the 
installation  of  practical  members,  such  as  door 
and  window  frames,  the  doors  and  windows 
themselves,  the  roof  covering,  and  stairs.  Some 
nonstructural  members  are  purely  ornamental. 
Examples  are  the  casings  on  doors  and  windows 
and  the  moldings  on  cornices  and  inside  walls. 
Installation  of  the  purely  ornamental  members  is 
called  TRIM  CARPENTRY. 

Finish  carpentry  is  divided  into  EXTERIOR 
FINISH  and  INTERIOR  FINISH.  Exterior  finish 
consists  of  ROOF  SHEATHING,  EXTERIOR 
TRIM,  ROOF  COVERING,  and  outside  WALL 
SHEATHING.  Exterior  finish  materials  ait 
installed  after  the  rough  carpentry  has  been 
completed.  This  chapter  deals  with  exterior 
finish  and  how  to  install  it  safely.  Chapter  12 
concerns  interior  finish  materials  and 
installation. 


ROOF  SHEATHING 

Normally,  roof  sheatiang  is  installed  as  soon 
as  possible  to  allow  work  inside  a  structure  to 


progress  during  inclement  weather  Roof 
sheathing  is  "the  covering  over  the  rafters  or 
trusses  and  usually  consists  of  nominal  Mn. 
lumber  or  plywood.  In  some  types  of  flat  or 
low-pitched  roofs  with  post-and-beam 
construction,  wood  root1  planking  or  fiberboard 
roof  decking  might  be  used.  Diagonal  wood 
sheathing  on  flat  or  krv-pitdgd  roofs  provides 
racking  resistance  where  areaPwith  high  winds 
demand  added  rigidity.  Plywood  sheathing 
provides  the  same  desired  rigidity  and  bracing 
effect.  Sheathing  should  be  thick  enough  to  span 
the  supports  and  provide  a  solid  base  for 
fastening  the  roofing  material. 

Roof  sheathing  boards  are  generally  the 
third  grades  of  species,  such  as  the  pines, 
redwoods,  and  hemlocks.  It  is  important  that 
thoroughly  seasoned  material  be  used  with 
asphalt  shingles.  Unseasoned  wood  will  dry  out 
and  shrink  in  width  causing  buckling  or  lifting  of 
the  shingles,  along  the  length  of  the  board. 


LUMBER  SHEATHING 


Board  roof  sheathing  used  under  asphalt 
shingles,  metal-sheet  roofing,  or  other  roofing 
materials  that  require  continuous  support  should 
be  laid  closed  (without  spacing).  (See  fig.  1 1-1.) 
The  boards  should  be  matched,  shiplapped,  or 
square-edged  with  joints  made  over  the  center  of 
rafters.  Not  more  than  two  adjacent  boards 
should  have  joints  over  the  same  support.  It  is 
preferable  to  use  boards  no  wider  than  6  or  8  iiu 
to  minimize  problems  which  can  be  caused  by 
shrinkage.  Boards  should  have  a  minimum 
thickness  of  3/4  in.  for  rafter  spacing  of  16  to 
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Figure  1V1.H  retaliation  of  board  roof  shejthittg, 
showing  both  doted      tpaced  typei. 


PLYWOOD  ROOF  SHEATHING 

When  plywood  roof  sheathing  is  used,  it 
should  be  laid  with  the  face  grain  perpendicular 
to  the  raftcis.  (See  fig.  1 1-1)  Standard  sheathing 
grade  plywood  is  commonly  specified,  but 
where  damp  conditions  occur,  it  is  desirable  to 
use  a  standard  sheathing  grade  with  exterior 
glue.  End  joints  are  made  over  the  center  of  the 
rafters  and  should  be  staggered  by  at  least  one 
rafter  16  or  24  in.  or  more. 


PLANK  ROOF  DECKING 


Plank  r6of  decking,  consisting  of  2  in.  and 
thicker  tongued-and*grooved  wood  planking,  is 
commonly  used  in  flat  or  low-pitched  roofs  in 
post  and  beam  construction.  Common  sizes  are 
nominal  2*  by  6*,  3-  by  6-,  and  4-  by  6-in. 
V-grooved  members,  with  the  thicker  planking 
being  suitable  for  spans  up  to  10  or  12  ft. 


24  in.  and  be  nailed  at  each  bearing  point.  End 
matched  tongued-and-grooved  boards  can  also 
be  used  and  joints  can  be  made  between  rafterc. 
However,  in  no  case  should  the  joints  of 
adjoining  boards  be  made  over  the  same  rafter 
space.  Each  board  should  be  supported  by  at 
least  two  rafters. 

Use  of  long  sheathing  boards  at  roof  ends  is 
desirable  to  obtain  good  framing  anchorage, 
especially  in  gable  roofs  where  there  is  a 
substantial  rake  overhang. 

When  wood  shingles  or  shakes  are  used  in 
damp  climates,  it  is  common  to  have  spaced  roof 
boards.  (See  fig.  11-10  Wood  nailing  strips  in 
nominal  l-by3-  or  I-by4-in.  size  are  spaced 
the  same  distance  oncenten  as  the  shingles  are 
to  be  laid  to  the  weather.  For  example,  if 
shingles  are  laid  5  in.  to  the  weather  and 
nominal  (surfaced)  l-by4*n.  strips  are  used, 
there  would  be  spaces  of  13/8  to  1  1/2  in. 
between  each  board  to  provide  the  needed 
ventilation  spaces.  ' 
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Figure  11  2.- Application  of  plywood  roof  sho*thlng. 
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Special  load  requirements  may  reduce  these 
allowable  spans.  Roof  decking  can  serve  both  as 
an  interior  ceiling  finish  and  as  a  base  for 
roofing.  Heat  loss  is  greatly  reduced  by  adding 
fiberboard  or  other  rigid  insulation  over  the 
wood  decking. 

The  decking  is  blind  nailed  through  the 
tongue  and  also  face  nailed  at  each  support.  In 
4- by  &iXL  size,  it  is  predrilled  for  edge  nailing. 
For  thinner  decking,  a  vapor  barrier  is  ordinarily 
installed  between  the  top  of  the  plank  and  the 
roof  insulation  when  the  planking  does  not 
provide  sufficient  insulation. 


EXTENSION  OF  ROOF 
SHEATHING  AT  GABLE  ENDS 


A  method  of  installing  board  or  plywood 
roof  sheathing  at  the  gable  ends  of  the  roof  is 
shown  in  figure  1 1-3.  Where  the  gable  ends  of 
the  structure  have  little  or  no  extension  (rake 
projection),  roof  sheathing  is  placed  flush  with 
the  outside  of  the  wall  sheathing. 
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Fttur*  11-3.-™ Board  roof  sheathmg*t  end*  of  gable. 


Roof  sheathing  that  extends  beyond  end 
walls  for  a  projected  roof  at  the  gables  should 
span  not  less  than  three  rafter  spaces  to  insure 
anchorage  to  the  rafters  and  to  prevent  sagging* 
(See  fig.  11-3.)  When  the  projection  is  greater 
than  16  to  20  in.,  special  ladder  framing  is  used 
to  support  the  sheathing. 

Plywood  extension  beyond  the  end  wall  is 
usually  governed  by  the  rafter  spacing  to 
minimize  waste.  Thus,  a  16-in.  rake  projection  is 
commonly  used  when  rafters  are  spaced  16-in. 
oncenter.  Butt  joints  of  the  piywood  sheets 
should  be  alternated  so  they  do  not  occur  on  the 
same  rafter. 

Wood  or  plywood  sheathing  at  the  valleys 
and  hips  should  be  installed  to  provide  a  tight 
joint  and  should  be  securely  nailed  to  hip  and 
valley  rafters.  (See  fig.  1 1-4.)  This  will  provide  a 
solid  and  smooth  base,  for  metal  Hashing. 


EXTERIOR  TRIM 

llxterior  trim  includes  window  and  door 
trim,  cornice  moldings,  facia  boards  and  soffits, 
rake  or  ga  ble-end  trim,  and  moldings. 
Contemporary  designs  with  simple  cornices  and 
moldings  will  contain  little  of  this  material, 
while  traditional  designs  will  have  considerably 
more.  Much  of  the  exterior  trim,  in  the  form  of 
finish  lumber  and  moldings*  is  cut  and  fitted  on 
the  job.  Other  materials  or  assemblies*  such  as 
shutters,  louvers,  railings,  and  posts,  are  shop 
fabricated  an£  arrive  on  the  job  ready  to  be 
fastened  in  place. 

In  materials  used  for  exterior  trim,  the 
properties  desired  are  good  painting  and 
weathering  characteristics,  easy  working 
qualities,  and  maximum  freedom  from  warp.  In 
addition,  decay  resistance  is  also  desirable  where 
materials  may  absorb  moisture.  Heartwood  of 
the  cedar,  cypress,  and  redwood  has  high  decay 
resistance.  Less  durable  species  may  be  treated 
to  make  them  decay  resistant.  Many 
manufacturers  predip  with  a  water-repellent 
preservative  at  the  factory,  such  materials  as 
siding,  window  sash,  window  and  door  frames, 
and  trim.  On-the-job  dipping  of  end  joints  or 
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miters  cut  at  the  building  site  is  recommended 
when  resistance  to  waW  entry  and  increased 
protection  are  desired* 

Fastenings  used  for  trim,  whether  nails  or 
screws*  should  preferably  be  rust-resistant;  that 
is,  galvanized,  stainless  steel,  or  aluminum.  When 
a  natural  finish  is  usedt  nails  should  be  stainless 
steel  or  aluminum  to  prevent  staining  and 
discoloration.  Cement-coated  nails  are  jiot 
rust-re  sis  tan  L 

Siding  and  trim  are  normally  fastened  in 
place  with  a  standard  siding  nail,  which  has  a 
small  flat  head,  However,  finish  or  casing  nails 
might  also  be  used  for  some  purposes.  If  not 
rust-resistant,  they  should  be  set  belov  the 
surface  and  puttied  after  the  prime  coat  of  paint 
has  been  applied.  Most  of  the  trim  along  the 
shingle  line,  such  as  at  gable  ends  and  cornices,  is 
installed  before  the  roof  shingles  arc  applied. 


roof,  the  additions  and  dormers  may  have 
cornices,  and  cornice  trim. 

Types  of  Cornices 

The  type  of  cornice  required  for  a  particular 
structure  is  indicated  on  the  wall  sections  of  the 
drawings,  and  there  are  usually  cornice  detail/^ i* 
drawings  as  well*  A  roof  with  no  rafter  overhang 
or  eave  usually  has  the  SIMPLE  cornice  show! 
in  figure  11-5.  This  cornice  consists  of  a  single 
strip  or  board  called  a  FRIEZE,  which  is  bevelcf 
on  the  upper  edge  to  fit  under  the  overhang 
eave,  and  rabbeted  on  the  lower  edge  to  overla 
the  upper  edge  of  the  top  course  of  siding*  If 
trim  is  used,  it  usually  consists  of  molding 
placed  as  shown  in  the  figure.  Molding  trim  in 
this  position  is  called  CROWN  molding. 

A  roof  with  a  rafter  overhang  may  have  an 
OPEN  cornice  or  a  CLOSED  (also  called  a  BOX) 
cornice.  The  simplest  type  of  open  cornice  is 


CORNICES 


The  exterior  finish  at  and  just  below  the 
eaves  is  called  the  CORNICE.  It  is  usually 
installed  along  with  the  roof  sheathing.  But  in 
some  cases,  the  cornice  may  be  installed  before 
the  roof  sheathing  is  complete  when  the 
installation  can  be  made  easier. 

The  parts  of  the  roof  that  project  beyond 
the  face  of  the  wall  are  called  the  EAVES  or 
OVERHANG.  Therefore,  a  structure  with  a  hip 
roof  has  eaves  all  the  way  around  it  In  addition, 
the  parts  of  the  roof  that  project  beyond  the 
sidewalls  of  a  gable  roof  are  called  eaves.  But, 
the  upward  slopes  of  the  gable  ends  are  called 
RAKES. 

Cbmice  work  includes  the  installation  of  the 
lookout  ledger,  lookouts,  plancier,  ventilation 
screens,  fascia,  freize,  and  the  moldings  at  and 
below  the  eaves,  and  along  the  sloping  sides  of 
the  gable  end  (nke).  The  ornamental  parts  of  a 
cornice  are  called  CORNICE  TRIM  and  consist 
mainly  of  molding;  but,  the  molding  which  runs 
up  the  side  of  the  rakes  of  a  gable  roof  is  called 
GABLE  CORNICE  TRIM.  Besides  ihe  main 


ROOF  SHEATHING 


CROWN  MOLDING 


FRIEZE 


WALL  SHEATHING 


45493 


Figure  1 1-6. -Simple  cornice. 
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Figure  11-6.-SimPtyrttyp*)  of  open  com  tea. 


shown  in  figure  1 1-6.  Like  the  simple  cornice,  it 
consists  only  of  a  frieze,  which  in  this  case  must 
be  notched  to  fit  around  the  rafters,  If  trim  is 
used,  it  usually  consists  of  molding  cut  to  fit 
between  the  rafters  as  indicated.  Molding  trim  in 
this  position  is  called  BED  molding, 

A  closed  or  box  cornice  is  shown  in  figure 
1 1*7,  In  this  type,  the  rafter  overhang  is  entirely 
boxed  in  by  the  roof  covering,  the  fascia,  and  a 
bottom  strip  called  a  PLANCIER.  The  plancier 
is  iiailed  to  the  lower  edges  of  a  series  of 


horizontal  members  called  LOOKOUTS,  which 
are  cut  fa  fit  between  the  rafter  ends  and  the 
face  of  the  wall  sheathing.  The  frieze,  if  any,  is 
set  just  below  the  lookouts.  The  trim,  if  any,  is 
placed  and  named  as  shown  in  the  figure. 

The  gable  cornice  trim  on  a  gable-roof 
structure  with  a  simple  or  an  open  cornice  is 
made  by  nailing  the  frieze  and  the  crown 
molding  to  the  rakes  as  shown  in  figure  11*8, 
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Molding  trim  along  the  rakes,  however,  is  called 
RAKE  molding. 


Cbrnice  Construction 


Most  specifications  call  for  BUILDING 
PAPER  or  FELT  between  the  wall  sheathing  and 
the  siding.  Building  paper  is  impregnated  with  a 
waterproofing  material,  such  as  asphalt  or 
paraffin;  it  is  used  to  make  the  walls  watertight 
and  to  keep  out  air  and  dust.  It  is  usually 
applied  horizontally,  with  a  2-  to  4-in,  overlap. 

Before  the  cornice  can  be  erected,  the  top 
course  of  building  paper  must  be  applied  to  the 
wall  sheathing.  For  the  open  and  closed  cornice, 
the  paper  must  be  cut  to  fit  around  the  rafters 
to  insure  good  insulation. 

To  prevent  ice  dams,  cornices  should  be 
fully  insulated  in  areas  where  mcderate  to  severe 
snowfalls  occur.  (See  view  A,  fig,  1 1-9J  Ice 
dams  are  formeil  when  the  snow  melts,  runs 
down  the  roof,  and  freezes  at  the  colder  cornice 
area.  Gradually,  the  ice  forms  a  dam  that  backs 
up  water  under  the  shingles.  Under  these 
conditions,  it  is  good  practice  to  use  an 
undercourse  of  45-lb  smooth -surf ace  roll  roofing 
along  the  eave  line  as  a  flashing,  (See  view  B,  fig. 
11*90  This  will  lessen  the  chance  of  water 
backing  up  and  entering  the  wall  Both  good 
attic  ventilation  and  sufficient  ceiling  insulation 
are  of  primary  importance  in  eliminating  ice 
dams* 

Constructing  a  simple  or  an  open  cornice  is 
simply  a  matter  of  laying  out,  beveling, 
rabbeting,  notching  (if  required)  and  nailing  on 
the  frieze  and  the  trim.  Nails  should  be 
coated-casing,  or  finish,  the  size  depends  on  the 
thickness  of  the  piece  being  set  in  place.  Cany  a 
supply  of  fourpenny,  sixpenny,  and  eightpenny 
nails,  and  drive  the  nails  in  only  part  way  until 
ali  the  pieces  of  the  cornice  have  been  set  in 
place.  All  joints  should  be  planed  smooth  with  a 
block  plane  and  fitted  together- tightly.  All 
members  must  be  mitered  for  joining  on  outside 
comers  and  mitered  or  coped  for  joining  on 
inside  corners. 
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Figure  Ice  dams;  8.  Eave  Protection  against  ice 

dams. 


The  normai  procedure  for  constructing  a 
closed  cornice  is  as  follows: 

1.  Line  up  the  tail  plumb  cuts  and  lower 
corners  of  the  rafters  by  stretching  a  line  and 
planing  or  sawing  down  any  irregularities. 

2.  Lay  out  and  cut  the  lookouts  and  nail 
them  in  place  (if  this  was  not  done  in  the 
framing  stage).  Lookouts  must  be*  level,  with 
bottom  edges  and  outer  ends  in  perfect 
alinement.  Each  lookout^hould  be  first  nailed 
to  the  rafter  and  theft  toenailed  against  the 
ledger 
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3*  Lay  out,  cut,  and  rabbet  the  frieze,  and 
nail  it  in  place  just  below  the  lookouts. 

4  Lay  out  and  cut  the  plancier,  and  fit  and 
nail  it  to  the  bottom  edges  of  the  lookouts, 

5*  Lay  out,  cut,  and  bevel  the  fascia,  and 
nail  it  to  the  ends  of  the  rafters  and  lookouts, 

6.  Lay  out,  cut,  bevel  (if  necessary),  and 
nail  on  the  moldings* 

Cornice  Return 

The  CORNICE  RETURN  is  the  end  finish  of 
the  cornice  on  a  gable  roof.  In  hip  roofs  and  flat 
roofs,  the  cornice  is  usually  continuous  around 
the  entire  structure.  On  a  gable  roof,  however,  it 
must  be  terminated  or  joined  with  the  gable 
ends.  The  type  of  detail  selected  depends  to  a 
great  extent  on  the  type  of  cornice  and  the 
projection  of  the  gable  roof  beyond  the  end 
wall 

A  narrow  box  cornice  often  used  in  houses 
with  Cape  Cod  or  Colonial  details  has  a  boxed 
return  when  the  rake  section  has  some 
projection.  (See  view  A,  fig,  11-10.)  The  fascia 
board  and  shingle  molding  of  the  cornice  are 
carried  around  the  corner  of  the  rake  projection. 

When  a  wide  box  cornice  has  no  horizontal 
lookout  members  (fig*  11-7),  the  soffit  of  the 
gable-end  overhang  is  at  the  same  slope  and 
coincides  with  the  cornice  soffit.  (See  view  B, 
fig,  1 1-10,)  The  system  is  simple*  and  often  used 
where  there  are  wide  overhangs  at  both  sides  and 
ends  of  the  structure 

A  closed  rake  (gable  end  with  little 
projection)  may  be  used  with  a  narrow  box 
cornice  or  a  close  cornice.  The  frieze  board  of 
the  gable  end,  into  which  the  siding  butts,  joins 
the  frieze  board  or  fascia  of  the  cornice.  (See 
viewC,  fig.  11-10,) 

While  closed  rakes  and  cornices  with  little 
overhang  are  lower  in  cost,  the  extra  material 
and  labor  required  for  good  gable  and  ^ornii^e 
overhangs  are  usually  justified.  Better  sidewall 
protection  and  lower  paint  maintenance  costs 
are  only  two  of  the  benefits  derived  from  good 
roof  extensions. 
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Figure  11  10. -Cornice  relume*  A.  Narrow  cornice  with 
boxed  return*  B.  Wide  overhang  at  cornice  and  rika, 
C.  Narrow  box  cornice  and  doted  rake. 
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RAKE  (GABLE, END)  TRIM 

The  rake  section  is  the  extension  of  a  gable 
roof  beyond  the  end  wall  of  the  strucMie.  This 
section  might  be  classed  as  being  a  close  rake 
with  little  projection  or  a  boxed  or  open 
extension  of  the  gable  roof*  from  6  in.  to  2  ft  in 
length  or  more.  Sufficient  projection  of  the  roof 
at  the  gable  is  desirable  to  provide  some 
protection  to  the  sidewalk  It  usually  results  in 
longer  paint  life. 

When  the  rake  extension  is  only  6  to  8  in., 
the  fascia  and  soffit  can  be  nailed  to  a  series  of 
short  lookout  blocks.  (See  view  A,  fig.  1 1-11.) 
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Figure  11-11  .-Normal  gaWo-end  gxtentiont.  A.  N»'«>w 
overhang;  B.  Moderate  overhang. 


In  addition,  the  fascia  is  further  secured  by 
nailing  through  the  projecting  roof  sheathing.  A 
frieze  board  and  appropriate  moldings  complete 
the  construction. 

In  a  moderate  overhang  of  up  to  20  inches, 
both  the  extended  sheathing  and  the  fly  (barge) 
rafter  aid  in  supporting  the  rake  section.  (See 
view  B,  fig.  1 1*1  K)  The  fly  (barge)  rafter 
extends  from  the  ridge  board  to  the  nailing 
header  which  connects  the  ends  of  the  rafters. 
The  roof  sheathing  boards  or  the  plywood 
should  extend  from  inner  rafters  to  the  did  of 
the  gable  projection  to  provide  rigidity  and 
strength. 

The  roof  sheathing  is  nailed  to  the  fly 
(barge)  rafter  and  to  the  lookout  blocks  which 
aid  in  supporting  the  rake  section  and  also  senre 
as  a  nailing  area  for  the  soffit.  Additional  nailing 
blocks  against  the  sheathing  are  sometimes 
required  for  thinner  soffit  materials. 

Wide  gable  extensions  {2  ft  or  more)  require 
rigid  framing  to  resist  roof  loads  and  to  prevent 
deflection  of  the  rake  section.  This  is  usually 
accomplished  by  lookout  members  that  are 
nailed  to  a  fly  (barge)  rafter  at  the  outside  edge 
and  supported  by  the  end  wall  and  a  doubled 
interior  rafter.  (See  views  A  and  B,  fig.  11-12.) 
The  framing  is  often  called  a  "ladder"  and  may 
be  constructed  in  place  or  on  the  ground  or 
other  convenient  area  and  hoisted  in  place. 

When  ladder  framing  is  preassembled>  it  is 
usually  made  up  with  a  header  rafter  on  the 
inside  and  a  fly  rafter  on  the  outside.  Eiich  is 
nailed  to  the  ends  of  the  lookouts  which  bt'aron 
the  gable  end  wall  When  the  header  is  the  same 
size  as  the  rafter,  be  sure  to  provide  a  notch  for 
the  wall  plates  the  same  as  for  regular  rafters.  In 
moderate  width  overhangs,  nailing  the  header 
and  Ay  rafter  to  the  lookouts  with  supplemental 
toenailing  is  usually  sufficiently  strong  to 
eliminate  the  need  for  the  metal  hangers,  as 
shown  in  view  B,  figure  11-1Z  The  he:  "  *■ 
rafters  can  be  face  nailed  directly  to  the  i 
rafters  which  axe  spaced  16  to  20  in.  apart. 

Other  details  of  soffit,  fascia,  frieze  board, 
and  moldings  can  be  similar  to  those  used  for  a 
wide  gable  overhang.  Lookouts  should  be  spaced 
1 6  to  24  in.  apart,  depending  on  the  thickness  of 
the  soffit  material 
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Figure  11*12*— Specie!  gable-end  extensions:  A.  Extra 
wide  overhang*  B,  tedder  framing  for  wide  overhang, 
C.  Closed  rake. 


4  dosed  rake  has  no  extension  beyond  rhe 
end  wall  other  than  the  frieze  board  and 
moldings.  Some  additional  protection  and 
overhang  can  be  provided  by  using  a  2*  by  3-  or 
2*  bj  4-in,  fascia  block  over  the  sheathing.  (See 
view  C,  fig.  1 1-12.)  This  member  acts  as  a  frieze 
board,  as  the  siding  can  be  butted  against  it  The 
fascia,  often  lby6  inches,  senres  as  a  trim 
member.  Metal  roof  edging  is  often  used  along 
the  rake  section  as  flashing. 


ROOF  COVERING 

Roof  coverings  should  provide  a  long-life 
waterproof  finish  that  will  protect  a  building 
and  its  contents  from  rain,  snow,  and  wind, 
Many  materials  have  withstood  the  test  of  time 
and  have  proved  satisfactory  under  given  service 
conditions. 

Materials  used  for  pitched  roofs  arc  wood 
and  asphalt  shingles,  and  also,  tile  and  slate, 
Sheet  materials,  such  as  roll  roofing,  galvanized 
iron,  aluminum,  copper,  and  tin  are  also  used, 
Built-up  construction  is  used  mainly  for  flat  or 
low-pitched  roofs  but  can  be  used  on  steeper 
slopes  by  the  use  of  special  materials  and 
methods. 

An  asphalt-saturated  felt  underlay  is 
required  for  most  roofs  before  the  roof  covering 
is  installed.  Roof  underlay  material  should  be 
applied  on  all  pitched  roofs  which  are  to  be 
covered  with  asphalt  or  shake  shingles,  and  slate 
or  tile  roofing. 

In  shingle  application,  the  exposure  distance 
is  important*  and  the  amount  of  exposure 
generally  depends  on  the  roof  slope  and  the  type 
of  material  used,  This  may  vary  from  a  5*in. 
exposure  for  standard-size  asphalt  and  wood 
shingles  on  a  moderately  steep  slope  to  about 
3  1/2  in.  for  flatter  slopes, 

ASPHALT-FELT  UNDERLAYMENT 

Once  the  roof  sheathing  is  in  place,  it  is 
covered  with  an  asphalt  felt  underlayment 
commonly  called  ROOFING  FELT,  Roofing  felt 
is  asphalt  saturated  and  serves  three  basic 
purposes.  It  keeps  the  roof  sheathing  dry  until 
the  shingles  can  be  applied;  after  the  shingles 
have  been  laid,  it  acts  as  a  secondary  barrier 
against  wind-driven  rain  and  snow;  it  also 
protects  the  shingles  from  any  resinous  materials 
which  could  be  released  from  the  sheathing. 

Roofing  felt  is  designated  by  the  weight  per 
SQUARE.  A  square  is  equal  to  100  sq  ft  and  is 
the  common  unit  to  describe  the  amount  of 
roofing  material,  Roofing  felt  is  commonly 
available  in  rolls  of  1 S  and  30  lb  per  square,  The 
roils  are  usually  36  in.  wide.  A  roll  of  15*lb  felt 
is  144  ft  long,  whereas,  a  roll  of  30-lb  felt  is 
72  ft  long.  After  you  allow  for  a  4-in.  overlap,  a 
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roll  of  15-lbfelt  will  cover  4  sq,  and  mil  of  30-lb 
felt  will  cover  2  sq. 

The  roofing  felt  is  laid  directly  on  the 
sheathing.  Usually,  a  strip  is  laid  in  each  valley  of 
the  roof  first  After  the  valleys  are  covered,  start 
at  the  lower  edge  of  the  roof,  and  lay  the 
roofing  felt  perpendicular  to  the  rafters.  Each 
succeeding  strip  overlaps  the  lower  one  by  a 
minimum  of  4  in.  for  a  single  coverage.  Double 
and  triple  coverage  of  the  felt  will  require 
thicker  ridge  caps.  Once  the  ridge  is  reached 
from  both  sides,  a  double  strip  is  run  down  the 
ridge  and  hips. 

ASPHALT  SHINGLES 

The  usual  minimum  recommended  weight 
for  square-butt  strip  shingles  is  235  1b  persq, 
although  heavier  weights  arc  available.  The 
square-butt  strip  shingle  is  12  in,  wide,  and 
36  in.  long  with  three  self-sealing  type  tabs  for 
wind  resistance.  (See  fig,  11-13*)  They  are 
usually  laid  with  S  in.  exposed  to  the  weather. 
They  are  available  in  bundles  of  27  strips  and 
should  be  stored  flat  so  that  the  strips  will  not 
curl  after  the  bundles  are  open. 

An  asphalt-shingle  roof  can  also  be  protected 
from  ice  dams  by  adding  an  Initial  layer  of  45  lb 
or  heavier  roll  roofing.  The  roll  roofing  is  36  in. 
wide  and  insures  good  ventilation  and  insulation 
within  the  attic  space.  (See  view  B,  fig,  1 1-9.)  A 
metal  edging  is  often  used  at  the  gable  end  to 
provide  additional  protection. 

Before  application,  a  course  of  wood 
shingles  or  a  metal  edging  may  be  used  along  the 
eave  line  of  the  asphalt  shingles.  The  first  course 
of  asphalt  shingles  is  doubled;  or,  if  desired,  a 
starter  course  may  be  reversed  and  used  under 
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figure  1M3.-A  12bY  36  in.  wiuare  butt  asphalt  thingle. 


the  first  asphalt-shingle  course.  This  first  course 
should  extend  downward  beyond  the  wood 
shingles  (or  edging)  about  I/iin,  to  prevent  the 
water  from  backing  up  under  the  shingles.  A 
1/2-in.  projection  should  also  be  used  at  the  rake. 

Galvanized  roofing  nails  with  large  heads 
should  be  used.  Start  I  to  2  in.  from  the  side 
edge,  and  place  the  nails  approximately  1  in, 
above  both  sides  of  the  tab  notch. 

The  method  of  laying  an  asphalt-shingle  roof 
is  shown  in  figure  11-14. 


133.579 

Figure  11-14. -Application  of  asphalt  shingles:  A.  Com* 
mon  method  with  ftrip  fhinglet;  8.  Metal  edging  at 
gable  end. 
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WOOD  SHINGLES  AND 
WQOD SHAKES 

Wood  slungles  are  available  in  three  standard 
lengths- 16,  18,  and  24  inches*  The  16*in,  length 
is  perhaps  the  most  popular.  It  has  five-butt 
thicknesses  per  '2  in.  of  width,  when  it  is  green 
(designated  a  5/1%  These  shingles  axe  packed  in 
bundles*  Four  bundles  will  cover  lOQsqft  of 
wall  or  roof  with  an  exposure  of  5  inches.  The 
1 8*  or  24-uu-long  shingles  have  thicker 
butts-five  in  2  1/4  in*  for  the  184n.  shingles, 
and  four  in  2in^  for  the  24-in*  shingles.  The 
recommended  exposures  for  the  standard 
wood*shingle  size  are  shown  in  table  1  l-U 

Figure  1M5  illustrates  the  proper  method 
of  applying  a  wood-shingle  roof*  Underlay  or 
roofing  felt  is  not  required  for  wood  shingles 
except  for  protection  in  ice  jam  areas.  Although 
spaced  or  solid  sheathing  is  optional,  spaced  roof 
sheathing  under  wood  shingles  is  most  common. 
The  following  general  rules  should  be  followed 
in  the  application  of  wood  shingles, 

!♦  Extend  shingles  about  1  1/2  in,  beyond 
the  eave  tine  and  about  3/4  in,  beyond  the  rake 
(gable)  edge, 

2*  Use  two  nist*resistant  nails  in  each 
shingle;  spacing  them  about  3/4  in*  from  the 
edge  and  1  1/2  in.  above  the  butt  line  of  the 
next  course. 

3+  Double  the  first  course  of  shingles.  In  all 
courses,  allow  1/8*  to  1/4-in,  space  between  each 


Table  1 1*1,— Recommended  Exposure  For  Wood  Shingtot 
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Slope 

Slope 
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5  in  12 
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In. 

In. 
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16 

5  butts  it\  2  in. 

3 
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5  butts  in  Z  1/4  in. 

4  1/4 

5  1/2 
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Figure  11*  15.-1  nit tHaHon  of  wood  ihinglet. 


shingle  for  expansion  when  they  are  wet.  Offset 
the  joints  between  shingles  at  least  1  1/2  in* 
from  the  joints  between  shingles  in  the  course 
below*  In  addition,  space  the  joints  in 
succeeding  courses  so  that  they  do  not  directly 
line  up  with  joints  in  the  second  course  below* 

4.,  Where  valleys  are  present,  shingle  away 
from  them*  Select  and  precut  wide  valley 
shingles* 

5,  Use  a  metal  edging  along  the  gable  end 
to  aid  in  guiding  the  water  away  from  the 
side  walls. 

Wood  shakes  are  usually  available  in  several 
types,  but  the  split*and*resawn  type  is  the  most 
popular*  The  sawed  face  is  used  as  the  back  face 
and  is  laid  flat  on  the  roof.  The  butt  thickness  of 
each  shake  ranges  between  3/4  and  1  1/2  inches* 
They  are  usually  packed  in  bundles  of  20  sq  ft 
with  five  bundles  to  the  square. 

Wood  shakes  are  applied  in  much  the  same 
way  as  wood  shingles.  Because  shakes  are  much 
thicker  (longer  shakes  have  the  thicker  butts), 
use  long,  galvanized  nails.  To  create  a  nistic 
appearance,  the  butts  are  often  laid  unevenly* 
Because  shakes  are  longer  than  shingles,  they 
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have  a  greater  exposure*  Exposure  distance  is 
usually  7  1/2 in*  for  18-in.  shakes,  |Oin*  for 
24*in.  ahakes,  and  13  in.  for  32-in.  shakes. 
Shakes  axe  not  smooth  on  both  faces,  and 
because  wind-dtiven  rain  or  snow  might  enter,  it 
is  essential  to  use  an  underlay  between  each 
course*  A  layer  of  felt  should  be  used  between 
each  course  with  the  bottom  edge  positioned 
above  the  butt  edge  of  the  shakes  a  distance 
equal  to  double  the  weather  exposure.  A 
3£in*-wide  strip  of  the  asphalt  felt  is  used  at  the 
eave  line*  Solid  sheathing  should  be  used  when 
wood  shakes  are  used  for  roofs  in  areas  where 
wind-driven  snow  is  experienced. 


FINISH  AT  THE  RIDGE, 
HIP,  AND  VALLEY 


The  most  common  type  of  ridge  and  hip 
finish  for  wood  and  asphalt  shingles  is  known  as 
the  Boston  ridge.  Asphalt-shingle  squares 
(one-third  of  a  12*  by  36*in.  strip)  are  used  over 
the  ridge  and  blind  naSecL  (See  view  A,  fig, 
11-16.)  Each  shingle  is  lapped  S  to  6  in.  to  give 
double  coverage.  In  areas  where  driving  rains 
occur,  use  metal  flashing  under  the  shingle  ridge 
to  help  prevent  water  entering.  The  use  of  a 
ribbon  of  asphalt  roofing  cement  under  each  lap 
will  also  help. 

A  wood-shingle  roof  should  be  finished  with 
a  Boston  ridge.  (See  view  B,  6g*  11-16.) 
Shingles,  6  in.  wide,  are  alternately  lapped, 
fitted,  and  blind  nailed*  As  shown,  the  shingles 
axe  nailed  in  place  so  that  the  exposed  trimmed 
edges  are  alternately  lapped.  Preassembled  hip 
and  ridge  units  for  wood-shingle  roofs  are 
available  and  save  both  time  and  money. 

A  metal  ridge  can  also  be  used  on 
asphalt-shingle  or  woo<3*shingle  roofs.  {See  view 
C,  fig.  1 M6*)  This  ridge  is  formed  to  the  roof 
slope  and  should  be  copper,  galvanized  iron,  or 
aluminum.  Some  metal  ridges  are  formed  so  that 
they  provide  an  outlet  ventilating  area.  However, 
the  design  should  be  such  that  it  prevents  rain  or 
snow  from  blowing  in. 

One  side  of  a  hip  or  valley  shingle  must  be 
cut  at  an  angle  to  obtain  an  edge  that  will  match 
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Figure  1 1-16,— Finith  At  ridge:  A.  Boston  ridge  with 
as  Pftatt  shiWet;  B.  Boston  ridge  with  wood  shingles; 
C.  Metat  ridge. 


the  line  of  the  hip  or  valley  rafter.  One  way  to 
c\xt  these  shingies  is  to  use  a  pattern  made  as 
follows: 

Select  a  piece  of  1  by  6f  *  ft  long.  Determine 
the  UNIT  LENGTH  of  a  common  rafter  in  the 
roof  (if  you  do  not  already  know  it);  set  the 
framing  square  on  the  piece  to  get  the  unit  run 
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of  the  common  rafter  on  the  blade,  and  the  unit 
rise  of  the  common  rafter  on  the  tongue,  as 
shown  in  the  top  view  of  figure  11*17.  Draw  a 
line  along  the  tongue;  then  saw  the  piece  along 
this  line,  and  use  it  as  a  pattern  to  cut  the 
shingles,  as  shown  in  the  bottom  view  of  figure 
1M7. 


BUILT-UP  ROOFING 

Built-up  roofing  is  exactly  what  the  name 
implies-alternate  layers  of  bituminous-saturated, 
or  saturated  and  coateu  felt,  or  fabric  and  bitu- 
men built  up  on  the  job. 

Relatively  slight-sloped  roofs  (2  in.  or  less 
per  ft)  are  particularly  suitable  for  the  built-up 
roof,  because  they  practically  furnish  a 
continuous  flat  surface.  When  proper 
precautions  are  taken,  the  built-up  roof  may  be 
applied  on  slopes  steeper  than  2  in.  per  ft 

The  layers  of  building  paper  or  felt  in  a 
built-up  roof  function  primarily  to  hold  the 
layers  of  bitumen  in  place.  Generally,  felt  layers 
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Figure  11-17.— Laying  out  pattern  for  cutting  hip  and 
valley  shingle. 


do  not  materially  contribute  to  the 
waterproofing  of  the  roof  and  are  not  suitable 
for  exposure  to  the  weather.  Built-up  roofs  are 
always  designated  by  the  number  of  plies  of  felt 
they  contain;  for  example,  3*  and-5*ply  roofs 
contain  3  and  5  plies,  respectively.  Felts  may  be: 
organic-fiber  (wool,  paper,  rag),  coaMar 
saturated,  glass-fiber,  asphalt-saturated,  and 
asbestos,  asphalt-saturated.  Asphalt-saturated 
and  coated  felts  are  manufactured  for  use  as  a 
vapor  barrier.  For  built-up  roofs,  glass-fiber  felt 
with  kraft  paper  backing  is  also  available  for 
vapor  barriers.  Coated  felts  surfaced  with 
mineral  granules  are  sometimes  used  for  the 
wearing  surface  (cap  sheets)  on  built-up  roofs. 
Glass'fiber  felts  should  not  be  used  in  extremely 
cold  weather  locations. 

Aggregate  surfacing  for  built-up  roofs  serves 
several  important  functions:  it  permits  the  use 
of  thick  surface  coatings  of  bitumen;  it  protects 
the  bitumen  from  sunlight  and  heat,  and  it 
increases  the  wind  and  fire  resistance  of  the 
roofing.  Surfacing  materials  may  be  gravel,  slag, 
marble,  and  other  suitable  materials.  Built-up 
roofs,  except  those  surfaced  with  promenade  tile 
or  similar  surfacing,  are  not  intended  to  carry 
much  foot  traffic.  On  roof  areas  that  are 
subjected  to  regular  traffic,  tile  surfacing, 
concrete,  or  wood  must  be  provided.  Aggregate 
surfacing  must  not  be  used  on  buildup  roofs 
near  a  flight  line,  because  the  aggregate  may  be 
blown  off  the  roofs  and  sucked  into  the 
aircraft's  jet  engines. 

A  smooth  surface  treatment  may  be 
employed  in  lieu  of  aggregate  surfacing  to 
provide  a  weathering  surface  on  asphalt  built-up 
roofs  where  it  is  necessary  to  hold  roof  loads  to 
a  minimum.  This  treatment  may  also  be  used 
where  there  is  a  possibility  of  surfacing 
aggregates  blowing  off  and  damaging  sensitive  or 
critical  material  and  equipment,  and  where 
required  by  roof  configuration,  or  other  reasons. 
Smooth-surface  treatments  include  mineral* 
surfaced  cap  sheets  (roll  roofing),  and  either 
mopped-on,  brushed-on,  or  sprayed-on  asphalt 
coatings. 

A  built-up  roof,  like  a  shingled  roof,  is 
started  at  the  eaves  so  the  strips  will  overlap  in 
the  direction  of  the  watershed.  Figure  1M8 
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Figure  11-18.-Laying  a  6-ply  built-up  roof. 


shows  how  32-inch  building  paper  is  layedover  a 
wood  sheathing  roof  to  get  5-ply  coverage  at  ail 
points  in  the  roof  The  procedure  for  laying 
follows: 

1.  Lay  the  building  paper  with  a  2-in. 
overlap,  as  shown.  Spot-nail  it  down  just  enough 
to  keep  it  from  Wowing  away. 

2.  Cut  a  16-in.  strip  of  saturated  felt  and 
lay  it  along  the  eaves.  Nail  it  down  with  nails 
placed  1  in.  from  the  back  edge  and  spaced 
12  in.  on  center. 

3.  Nail  a  fUl-width  (32  in.)  strip  over  the 
first  strip,  using  the  same  nailing  schedule. 

4.  NaU  the  next  full-width  strip  with  the 
outer  edge  14  in.  from  the  outer  edges  of  the 
first  two,  to  obtain  a  2-in.  overlap  over  the  edge 
of  the  first  strip  laid.  Continue  laying  full-width 
strips  With  the  same  exposure  (14  in.)  until  the 
opposite  edge  of  the  roof  is  reached.  Finish  off 
with  a  half-stnp  along  this  edge.  This  completes 
the  2-pIy  dry  nailer. 


5.  Start  the  3-ply  hot  with  one-third  of  a 
strip,  covered  by  two-thirds  of  a  strip,  and  then 
by  a  full  strip,  as  shown.  To  obtain  a  2-in. 
overlap  of  the  outer  edge  of  the  second  full  strip 
over  the  inner  edge  of  the  first  strip  laid,  the 
outer  edge  of  the  second  full  strip  must  be 
8  2/3  in.  from  the  outer  edges  of  the  first  three 
strips  laid.  To  maintain  the  same  overlap,  the 
outer  edge  of  the  third  full  strip  must  be 
10  1/3  in.  from  the  outer  edge  of  the  second  full 
strip.  Subsequent  strips  may  be  laid  with  an 
exposure  of  10  inches.  Finish  off  at  the  opposite 
edge  of  the  roof  with  a  full  strip,  two-thirds  of  a 
strip*  and  one-third  of  a  strip,  to  maintain  3  plys 
throughout. 

6.  Spread  a  layer  of  hot  asphalt  (the  mop 
coat)  over  the  entire  roof.  An  asphalt  heating 
kettle,  like  the  one  shown  m  figure  11-19,  is 
used  to  draw  off  and  spray  on  the  asphalt. 

7.  Sprinkle  a  layer  of  gravel  over  the  entire 
roof.  Crushed  stone  or  slag  may  be  used  instead 
of  gravel. 

Hot  roofing  work  is  done  by  a  crew 
consisting  of  a  mopper,  felt  layer*  broomer, 
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Figure  11-19,— Aipfcalt  heating  kottte. 


nailer,  asphalt  carrier*  and  operator  of  the 
asphalt  heating  kettle.  In  charge  of  the  crew,  the 
mopper  makes  sure  the  temperature  of  the 
asphalt  is  neither  too  hot  nor  too  cold.  Asphalt 
that  is  too  hot  will  burn  the  felt  and  form  a 
layer  that  is  too  thin  after  topping.  Besides, 
thin  layers  will^crack  eventually  and  separate 
from  the  felt  told  asphalt  forms  a  layer  that  is 
too  thick  after  mopping.  Thick  layers  require 
the  use  of  too  much  asphalt. 

Once  the  2-ply  dry  nailers  are  in  place  and 
hot  mopping  begins,  the  felt  layer  must  get  the 
felt  down  as  soon  as  possible  after  the  asphalt 
has  been  mopped  If  the  time  between  mopping 
and  felt  laying  is  too  long,  the  asphalt  will  cool 
to  the  point  where  it  will  not  bond  well  with  the 
felt.  The  felt  layer  cbjuld  follow  the  mopper  at 
a  distance  of  not  nu.ie  than  3  feet.  The  broomer 
should  follow  immediately  behind  the  felt  layer, 
brooming  out  all  air  bubbles  and  imbedding  the 
felt  solidly  in  the  asphalt.  When  carried,  buckets 
of  hot  asphalt  should  never  be  more  than 
three-fourths  full.  Nor  should  they  be  carried 
faster  than  the  carrier  can  walk.  Whenever 
possible,  the  mopper  should  work  downwind 
from  the  felt  laver  and  broomer,  to  reduce  the 
danger  of  spattering.  The  mopper  should  lift  the 
mop  out  of  the  bucket  without  dragging  ii 


across  the  rim.  Dragging  could  upset  the  bucket 
and  spread  hot  asphalt  to  the  feet  or  legs  of 
crewmembers  working  nearby. 


A&PHALT  HEATING  KETTLE 

A  trailer-mounted  asphalt  heating  kettle  has 
either  an  80-  or  165-gallon  heating  unit.  A  flue 
stack,  located  on  the  forward  end  of  the  heating 
unit  over  the  top  of  the  baffle  and  burner 
assembly,  provides  an  escape  for  the  exhaust 
gases  from  the  fuel  burner.  A  gage  inserted 
through  an  insulated  pipe  into  the  heating  tank 
indicates  the  temperature  of  the  asphalt. 

A  four-cyUe,  single-cylinder  engine  drives 
the  pump  that  forces  asphalt  through  a  flexible 
metal  hose  that  reaches  the  roof  suiface.  This 
hose  o>nneU&  the  pump  to  a  spray  bar  assembly. 
Figures  II  -20  through  11-22  show  the  positions, 
parts*  and  controls  for  the  asphalt  heating  kettle. 

OPERATION 

Before  operating  the  asphalt  heating  kettle, 
inspect  inside  the  kettle  to  insure  it  is  absolutely 
dry.  Any  water  there  will  turn  to  steam  when 
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Figure  11-20.-Burn*r  fuel  tank  and  fwrti. 


the  kettle  gets  hot  enough.  This  may  cause  the 
asphalt  to  bubble  over,  creating  a  fire  hazard,  in 
any  case,  be  sure  a  dry-chemical  fire  extinguisher 
in  good  working  order  is  handy.  Guidelines  for 
operating  the  kettle  follow: 

K  Make  sure  the  kettle  is  suitably  located* 
and  level  it  by  adjusting  the  front  and  rear 
support  legs  (fig*  11-9).  Position  it  broadside  to 
the  wind,  if  possible.  Do  NOT  operate  when 
unattended  or  while  the  trailer  is  in  transit  or  in 
a  confined  area. 

2.  Check  and  fill  the  engine  crankcase  with 
a  high  quality  detergent  oif. 

3.  Fill  the  fuel  tank  completely  with  clean, 
fresh,  fead-free  or  regular  grade  automotive 
gasoline. 

CA UTI ON :    Do   NOT   mix    oil  with 
gasoline 

11- 


4-  Pull  out  the  manual  choke  control. 

5.  Pull  out  the  hand  throttle  approximately 
i  1/2  inches. 

6.  pull  out  the  ignition  switch  button. 

CAUTION:  Make  sure  all  valve  handles  are 
in  their  proper  position  before  starting  file 
engine* 

7.  Pvll  out  the  starting  cord  to  start  the 
engine. 

3.  Push  in  the  hand  choke  gradually  after 
the  engine  starts. 

9.  Warm  up  the  engine  at  moderate  speed* 

10.  PuU  the  hand  throttle  completely  out  to 
reach  operating  speed. 

To  start  the  burner  fuel  tank,  check  the  fuel 
supply  (kerosene)  in  the  tank  (fig.  11-20).  If 
necessary,  fill  the  fuel  tank  with  kerosene  to 
within  2  in*  of  the  top  of  tank-  Make  sure  the 
tank  does  NOT  leak.  NEVER  fill  the  tank  to  the 
top-  Be  sure  both  the  tank  angle  and  burner 
valves  (figs*  11-20  and  11-21,  respectively)  are 
closed-  Then,  pump  air  into  the  tank  until  the 
air  pressure  gage  (fig-  11-20)  on  the  tank  reads 
^tween  35  and  40  pounds*  Compjeteiy  open 
tht  tank  angle  valve,  then  open  the  Sumer  valve 
(fig-  1 1-21)  approximately  one*fourth  turn  until 
the  burner  pan  (fig.  1  N21)  is  about  one-half  full 
of  kerosene-  f>ow>  light  pieces  of  paper  and 
insert  them  mto  the  pan.  Let  the  burner 
generate  for  about  5  minutes,  then  open  the 
burner  valve  another  one*fourth  turn  and  allow 
the  burner  to  operate  until  it  is  burning  freely.  If 
the  burner  has  not  been  generated  in  the  kettle, 
place  it  in  the  kettle  and  adjust  the  burner  valve 
for  a  good,  strong  flame  to  heat  the  material 
The  temperature  will  depend  on  the  type  of 
material  to  be  heated.  For  example,  the 
temperature  gage  (%.  1 1*22)  should  read 
between  300°  and  450°F  before  asphalt  is 
pumped.  Do  NOT  heat  asphalt  beyond  the 
manufacturer's  recommended  temperatures- 
Remember*  before  the  asphalt  heating  kettle  is 
started,  place  valves  8,  13,  16,  and  24  (fig. 
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Figure  11*21.  -Burner  auembJy* 


1 102)  in  the  No  I  positions.  After  doing  so, 
prepare  to  circulate  the  heated  material 
throughout  the  system.  Secure  connections 
before  turning  the  valves  to  eliminate  leaks. 
First,  place  valves  8,  13,  and  16  in  the  No.  2 
position.  Next,  place  valve  24  in  the  No.  2 
position.  Leave  the  valves  in  this  position  for 
about  2  minutes  to  obtain  full  circulation  so 
that  the  asphalt  or  pitch  ran  heat  the  pump  and 
the  pipes.  To  circulate  through  the  bypass  valve 
(fig,  11  22),  place  valves  8  and  16  in  position 
No.  3,  and  operate  on  this  position  for  1  minute 
so  that  the  material  can  heat  the  bypass  vahe 
and  return  to  the  heating  kettle* 

To  use  the  spray  bar,  place  valve  13  in  the 
horizontal  position  Then  open  the  spray-bar 
handle  valve.  Wear  gloves  or  use  insulated 


material  when  handling  the  spray  bar,  pipes,  or 
hosr\  Be  careful  NOT  to  spray  asphalt  on  others 
working  nearby. 

When  the  kettle  is  being  secured,  stop  the 
engine.  Push  the  throttle  completely  in,  and 
immediately  place  the  manual  stop  switch 
against  the  engine  spark  plug.  Place  valves  8,  13, 
16,  and  24  in  the  No.  1  position,  and  leave  the 
spraybar  handle  v^ve  open,  Now,  place  a 
bucket  of  flushing  material  that  is  recommended 
by  the  manufacturer  under  the  flushing  pipe 
(fig,  11*22).  Restart  the  engine.  Do  this 
immediately  after  spraying  so  that  the  pump 
lines  do  NOT  set  up  with  cold  material.  At  this 
time,  asphalt  or  pitch  will  flow  from  the  spray 
bar.  Place  the  spray  nozzle  into  the  flushing 
material  bucket  so  that  the  flushing  material  can 
circulate  and  clean  the  pump  hnes.  When  the 
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Ffgur*  1122.— Kettl*  engine,  pump,  vafvts,  and  umfMratufe  91^, 


material  has  been  flushed  thoroughly,  shut  down 
the  engine  and  leave  all  valves  in  the  No.  1 
position  for  the  next  "engine  start**  procedure. 
Nowt  secure  the  burner  by  closing  the  burner 
valve  1  1*21),  and  then  the  burner  fuel  tank 
angle  valve  (fig.  1 K20). 

CAUTION:  Do  NOT  remove  asphalt  from 
the  tank  while  the  burner  is  in  operation. 

CARE  AND  MAINTENANCE 

The  general  operating  instructions  include 
steps  the  kettle  operator  takes  in  caring  for  or 


maintaining  the  asphalt  heating  kettle.  In 
addition,  the  operator  must  keep  the  unit  clean, 
lubricate  it*  and  service  the  engine.  The  operator 
also  checks  ^  loose  bolts,  loose  nuts,  and  worn 
parts.  TV  spring  shackles  on  the  trailer  are 
greased  monthly  and  trailer  wheel  bearings  are 
packed  once  a  year. 


OUTSIDE  WALL  COVERINGS 

Because  siding  and  ot'ier  types  of  coverings 
for  exterior  walls  affect  ihe  appearance  as  well 


IM9 


43t> 


BUILDER  3  &  2 


as  the  maintenance  of  a  structure,  the  pattern 
should  be  selected  carefully. 

Wood  siding  can  be  obtained  in  many, 
different  patterns  and  can  be  finished  naturally, 
stained,  or  painted.  Wood  shingles,  plywood,^ 
wood  siding  or  paneling,  fiberboard,  and 
hardboard  are  some  of  the  types  of  material 
used  as  exterior  coverings.  Masonry,  veneers, 
metal  or  plastic  siding,  and  other  nonwood 
materials  are  additional  choices.  Many 
prefinished  sidings  are  available,  and  the  coatings 
and  films  applied  to  several  types  of  base 
materials  may  eliminate  the  need  ofrefinishing 
for  many  years, 

rfOOD  SIDING 

0  e  of  the  materials  most  characteristic  of 
the  exteriors  of  structures  is  wood  siding.  The 
essential  properties  required  for  siding  are  good 
pointing  characteristics,  easy  working  qualities, 
and  freedom  from  warp.  Such  properties  are 
present  to  a  high  degree  in  cedar,  eastern  white 
pine,  sugar  pine,  western  white  pine,  cypress, 
and  redwood;  to  a  good  degree  in  western 
hemlock,  ponderosa  pine,  spruce*  and 
yellow-popular,  and  to  a  fair  degree  in  Douglas 
fir,  western  larch,  and  southern  pine. 

Material  used  for  exterior  siding  which  is  to 
be  painted  should  preferably  be  of  a  high  grade 
and  free  from  knots,  pitch  pockets,  and  waney 
edges.  Vertical  grain  and  mixed  grain  (both 
vertical  and  flat)  are  available  in  some  species, 
such  as  redwood  and  western  red  cedar. 

The  moisture  content  at  the  time  of 
application  should  be  that  which  it  would  attain 
in  service.  To  minimize  seasonal  movement  due 
to  changes  in  moisture  content,  vertical-grain 
(edge-grain)  siding  is  preferred.  While  this  is  not 
as  important  for  a  stained  finish,  the  use  of 
edge-grain  siding  for  a  paint  finish  will  result  in 
longer  paint  life.  A  3-minute  dip  in  a 
water-repellent  preservative  before  siding  is 
installed  wal  not  only  result  in  longer  paint  life 
but  will  also  resist  moisture  entry  and  decay. 
Some  manufacturers  supply  siding  with  this 
treatment  Freshly  cut  ends  should  be 
brush-treated  on  the  job. 


TYPES  OF  HORIZONTAL  SIDING 

Some  wood  siding  patterns  *re  used  ^nly 
horizontally  and  others  only  vertically.  Some 
may  be  jsed  in  either  manner  if  adequate  nailing 
areas  are  provided.  A  description  of  each  of  the 
general  types  of  horizontal  siding  follows. 

Bevel  Siding 

?lain  bevel  siding  can  be  obtained  in  sizes 
from  1/2  by  4  inches  to  1/2  by  8  in  hes  and  also 
in  sizes  of  3/4  by  8  inches  and  3/4  by  10  inches. 
"Anzac"  siding  (figure  11-23)  is  3/4  by  12 
inches  in  size.  Usually,  the  finished  width  of 
bevel  siding  is  about  1/2  inch  less  than  the  size 
listed.  One  side  of  bevel  siding  has  a  smooth 
planed  surface,  while  the  other  has  a  rough 
resawn  surface.  For  a  stained  finish*  the  rough  or 
sawn  side  is  exposed  because  wood  stain  works 
best  and  lasts  longer  on  rough  wood  surf&  es. 

Dolly  Varden  Siding 

Dolly  Varden  siding  is  similar  to  true  bevel 
siding  except  that  it  has  shiplap  edges.  The 
shiplap  edges  have  a  constant  exposure  distance. 
(See  fig.  U-23.)  Because  it  lays  flat  against  the 
studs,  it  is  sometimes  used  for  garages  and 
similar  buildings  without  sheathing.  Diagonal 
bracing  is  then  needed  to  stiffen  the  building 
and  helps  to  resist  winds*  twist*  and  strain. 

Other  Types  of  Horizontal  Siding 

Regular  drop  siding  can  be  obtained  in 
several  patterns,  two  of  which  are  shown  in 
figure  1 1-23.  This  siding,  with  matched  or 
shiplap  edges,  can  be  obtained  in  l-by6-in. 
and  1- by  8  in.  sizts.  It  is  commonly  used  for  low 
cost  dwellings  and  for  garages,  usually  without 
benefit  of  sheathing.  Tests  have  shown  that  the 
tongued-and-grooved  (matched)  patterns  nave 
greater  resistance  to  the  penetration  of 
wind-driven  rain  than  the  shiplap  patterns,  when 
both  are  treated  with  a  water-repellent 
preservative. 

Fiberboard  and  hardboard  sidings  are  also 
available  in  various  forms.  Some  have  a  backing 
to  provide  rigidity  and  strength  while  others  are 
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Figure  11-23.—  Wood  tiding  type*. 

used  directly  over  sheathing.  Plywood  horizontal 
lap  siding*  with  a  medium  density  overlaid 
surface,  is  also  available  as  an  exterior  covering 
material.  It  is  usually  3/8 in.  thick  and  12  or 
16  in.  wide.  It  is  applied  in  much  the  same 
manner  as  wood  siding,  except  that  a  shingle 
wedge  is  used  behind  each  vertical  joint. 

TVPES  OF  HORIZONTAL 
OR  VERTICAL  SIDING 

A  number  of  siding  or  paneling  patterns  can 
be  used  horizontally  or  vertically  (fig.  11-23). 
These  are  manufactured  in  nominal  1  m. 
thicknesses  and  in  widths  from  4  to  12  inches. 
Both  dressed  and  matched  and  shiplapped  edges 
are  available.  The  narrow  «nd  medium-width 


patterns  will  likely  be  more  satisfactory  where 
there  are  moderate  moisture  content  changes. 
Wide  patterns  are  more  successful  if  they  are 
vertical  grained  to  keep  shrinkage  to  a  minimum. 
The  correct  moisture  content  is  necessary  lo 
prevent  shrinkage  to  a  point  where  the  tongue  is 
exposed. 

If  the  edges  of  drop,  matched,  and 
shiplapped  sidings  are  treated  with  a 
water-repellent  preservative,  it  usually  prevents 
wind-driven  rain  from  penetrating  the  joints 
exposed  to  the  weather.  In  areas  under  wide 
overhangs  or  in  porches  or  other  protected 
sections,  the  treatment  is  not  as  important. 
Some  manufacturers  provide  siding  with  this 
treatment  applied  at  the  factory. 

Vertical  Board  Siding 

A  method  of  siding  application,  popular  for 
some  architectural  styles,  utilizes  rough-sawn 
boards  and  battens  applied  vertically.  These  can 
be  arranged  in  three  ways:  board  and  batten, 
batten  and  board,  and  board  and  board.  (See  fig. 
11-24.) 
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Figure  11  24. —Vertical  board  *idingL 
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Sheet  Siding 

A  number  of  sheet  materials  are  now 
available  for  use  as  siding.  These  include 
plywood  in  a  variety  of  face  treatments  and 
spectes,  paper-overlaid  plywood,  and  hardboard. 
Plywood  or  paper-overlaid  plywood,  also  known 
as  panel  siding,  is  sometimes  us?d  without 
sheathing.  Paper-overlaid  plywood  has  many  of 
the  advantages  of  plywood  besides  providing  a 
very  satisfactory  base  for  "paint.  A 
medium- density,  overlaid  plywood  is  most 
common.  Where  the  stud  spacing  is  16  inches, 
the  minimum  thickness  of  panel  siding  is  3/8 
inch.  However,  1/2-  or  5/8-inch-thick  sheets 
perform  better  due  to  their  greater  thickness  and 
strength. 

These  sheets  areM  by  8  ft  and  longer.  They 
must  be  applied  vertically  with  intermediate  and 
perimeter  nailing  to  provide  the  desired  rigidity. 
Most  other  methods  of  applying  sheet  materials 
require  some  type  of  sheathing  beneath.  Where 
horizontal  joints  are  necessary,  they  should  be 
protected  by  a  simple  flashing. 

An  exterior-grade  plywood  should  always  be 
used  for  siding,  and  can  be  obtained  in  grooved, 
brushed,  and  sauHextured  surfaces.  These 
surfaces  are  usually  finished  with  a  type  of  stain. 
If  shiplap  or  matched  edges  are  not  provided, 
the  joints  should  be  waterproofed.  Water • 
proofing  often  consists  of  caulking  and  a 
batten  at  each  joint  and  a  batten  at  each  stud  if 
closer  spacing  is  desired  for  appearance.  An  edge 
treatment  of  water-repellent  preservative  will 
also  aid  in  reducing  moisture  penetration,  When 
plywood  is  being  installed  in  sheet  form,  allow  a 
I /16-inch  edge  and  end  spacing 

Exterior  grade  particleboard  might  also  be 
considered  for  panel  siding.  Normally,  a  5/8-mch 
thickness  is  required  for  16-inch  stud  spacing 
and  3/4  inch  thickness  ror  24-inch  stud  spacing. 
The  finish  must  be  with  an  approved  paint,  and 
the  stud  wall  behind  must  have  corner  bracing. 

Medium-density  fiberboards  might  also  be 
used  in  some  areas  as  exterior  coverings  over 
certain  types  of  sheathing.  Many  of  these  sheet 
materials  resist  the  passage  of  water  vapor. 
Hence,  wften  they  are  used,  it  is  important  that  a 
good  vapor  barrier*  well  insulated,  be  employed 
on  the  warm  side  of  the  insujated  walls. 
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NONWOOD  SIDING 

Noriwood  materials,  such  as  asbestos-cement 
siding  and  shingles  and  metal  sidings,  are  used  in 
some  types  of  architectural  design.  Stucco  or  a^ 
cement-plaster  finish,  preferably  over  a  wire 
mesh  base,  is  common  in  the  Southwest  and  the 
West  Coast  areas.  Masonry  veneers  may  be  used 
effectively  with  wood  siding  in  various  finishes 
to  enhance  the  beauty  of  both  materials. 

Some  designated  structures  favor  an  exterior 
covering  which  requires  a  minimum  of 
maintenance.  Although  nonwood  materials  are 
often  chosen  for  this  reason,  the  paint  industry 
is  providing  comparable  long-life  coatings  for 
wood-base  materials.  Plastic  films  on  wood 
*  siding  or  plywood  are  also  promising  because 
little  or  no  refinishing  if  .  ecessary  for  the  life  of 
the  building. 


INSTALLATION  OF  SIDING 

Siding  can  only  be  installed  after  the 
Window  and  door  frames.  In  order  to  present  a 
uniform  appearance,  it  must  line  up  properly 
with  the  drip  caps  and  the  bottom  of  the 
window  and  door  sill*.  And,  at  the  same  tune,  it 
must  line  up  at  the  corners.  Siding  must  be 
properly  lapped  to  increase  wind  resistance*  and 
watertightness.  In -addition,  it  must  be  installed 
with  the  proper  nails  and  in  the  correct  nailing 
sequence. 

FASTENERS 

One  of  the  most  important  factors  in 
successful  performance  of  various  siding 
materials  is  the  type  of  fasteners  used.  Nails  are 
the  most  common  of  these,  and  it  is  poor 
economy  indeed  to  use  them  sparingly, 
Galvanized*  aluminum,  and  stainless  steel 
corrosive-resistant  nails,  or  similar  metals,  may 
cost  more,  but  their  use  will  insure  spot-free 
siding  under  adverse  conditions. 

Two  types  of  nails  are  commonly  used  with 
siding-the  small-head  finishing  nail  and  the 
moderate-size  flathead  siding  nail. 

The  small-head  finishing  nail  is  set  (driven 
ttith  a  nail  set)  about  1/16  in.  below  the  face  of 
the  siding,  and  the  hole  is  filled  with  putty  after 
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the  prime  coat  of  paint  is  applied.  The  flathead 
siding  nail,  most  commonly  used,  is  nailed  flush 
with  the  face  of  the  siding  and  the  head  later 
covered  with  paint. 

Ordinary  steel-wire  nails  tend  to  rust  in  a 
short  time  and  cause  a  disfiguring  stain  on  the 
face  of  the  siding.  In  some  cases,  the  small-head 
nails  will  show  rust  spots  through  the  putty  and 
paintT  but  noncorrosive  nails  that  will  not  cause 
rust  are  readily  available. 

If  the  siding  is  to  be  "natural  finished"  with 
a  water-repellent  preservative  or  stain,  it  should 
be  fastened  with  stainless  steel  or  aluminum 
nails.  In  some  types  of  prefmished  sidings,  nails 
with  color*matched  heads  are  supplied. 

Nails  with  modified  shanks  have  now 
become  quite  popular.  They  include  the 
annularly  threaded  shank  nail  and  the  spirally 
t  h  re  ade  d  shank  nail.  Both  have  greater 
withdrawal  resistance  than  the  smooth  shank 
nail  and.  for  tins  reason,  a  shorter  nail  is  often 
used. 

In  siding,  exposed  nails  should  be  driven 
flush  with  the  surface  of  the  wood.  Overdriving 
may  not  only  show  the  hammer  mark,  but  may 
also  cause  objectionable  splitting  and  crushing  of 
the  wood.  In  sidings  with  prefinished  surfaces  or 
overlays,  the  nails  should  be  driven  so  as  not  to 
damage  the  finished  surface. 

BEVEL  SIDING 

The  minimum  lap  for  bevel  srding  should  not 
be  less  than  I  inch.  The  average  exposure 
distance  ts  usually  determined  by  the  distance 
from  the  underside  of  the  window  sill  to  the  top 
of  the  drip  cap,  (See  fig.  11-25.)  From  the 
standpoint  of  weather  resistance  and 
appearance,  the  butt  edge  of  the  first  course  Of 
siding  above  the  window  should  coincide  with 
the  top  of  the  window  drip  cap,  In  many 
one*story  structures  with  an  overhang,  this 
course  of  siding  is  often  replaced  wifh a  frie2C 
board.  (See  fig.  1 1-6.)  It  is  also  desirabletfikt  the 
bottom  of  a  siding  course  be  flush  with  the 
underside  of  the  window  sill.  However,  this  may 
not  always  be  possible  because  of  varying 
window  heights  and  types  that  might  be  used  in 
a  structure. 
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Figure  1 1  -26. -Installation  of  bevot  siding. 

One  system  used  to  determine  the  siding 
exposure  width  so  that  it  is  about  equal  both 
above  and  below  the  window  sill  is  described 
below 

Divide  the  overall  height  of  the  window 
frame  by  the  approximate  recommended 
exposure  distance  for  the  siding  used  (4  in.  for 
6-in--wjde  siding,  6  in*  for  8-in.*wide  siding,  8  in. 
for  NHn^wide  siding,  and  10  in.  for  12-in.-wide 
siding).  This  result  will  be  the  number  of  courses 
between  the  top  and  the  bottom  of  the  window. 
For  example,  the  overall  height  of  our  sample 
window  from  the  top  of  the  drip  cap  to  the 
bottom  of  the  sill  is  61  inches.  If  !2-in.-wide 
siding  is  used,  the  number  of  courses  would  be 
61/10=  6.1  or  six  courses.  To  obtain  the  exact 
exposure  distance,  divide  61  by  6  and  the  result 
would  be  10  1/6  inches.  The  next  step  is  to 
determine  the  exposure  distance  from  the 
bottom  of  the  sill  to  just  beiow  the  top  of  the 
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foundation  wall  If  this  distance  is  31  inches,  use 
three  courses  of  10  1/3  in.  each.  Thus,  the 
exposure  distance  above  and  below  the  window 
would  be  almost  the  same.  (See  fig.  11-25.) 

When  this  system  is  not  satisfactory  because 
of  big  differences  in  the  ;wo  areas*  it  is 
preferable  to  use  an  equal  exposure  distance  for 
the  entire  wall  height  and  notch  the  siding  at  the 
window  sill.  The  fit  should  be  tight  to  prevent 
moisture  from  entering. 

Siding  may  be  installed  starting  with  a 
bottom  course  It  is  normally  blocked  out  with  a 
starting  strip  the  same  thickness  as  the  top  of 
the  siding  board  (See  fig.  1 1-25.)  Each 
succeeding  course  overlaps  the  upper  edge  of  the 
loweT  course  Siding  should  be  nailed  to  each 
stud  or  on  16-iir  centers.  When  plywood  or 
woor1  sheathing  or  spaced  wood  nailing  strips  are 
used  over  nonwood  sheathing>  sevenpenny  or 
eightpenny  nails  may  be  used  for  3/4-in.-thick 


siding.  However,  if  gypsum  or  fiberboard 
sheathing  is  used,  the  tenpenny  nail  is 
recommended  to  penetrate  into  the  stud.  For 
l/2-in,-thick  siding*  nails  may  be  1/4  in>  shorter 
than  those  used  for  3/4-in>  siding. 

The  nails  should  be  located  far  enough  up 
from  the  butt  to  miss  the  top  of  the  lower  siding 
course.  (See  fig,  11-26,)  The  clearance  distance 
is  usually  1/8  inch.  This  allows  for  slight 
movement  of  the  siding  due  to  moisture  changes 
without  causing  splitting*  Such  an  allowance is 
especially  required  for  the  wider  sidings,  8  to  12 
Inches, 

It  is  good  practice  to  avoid  butt  joints 
whenever  possible.  Use  the  longer  sections  of 
siding  under  windows  and  other  long  stretches, 
and  utilize  the  shorter  lengths  for  areas  between 
windows  and  doors.  When  possible,  butt  joints 
should  be  made  over  a  stud  and  staggered 
between  courses  as  much  as  practical. 


PANELING 


DROP  OR  RABBETED 


BEVEL  SIDING 


BLIND  NAIL 
(FINISHING  NAIL) 


FOR  WIDTHS  GREATER 
THAN  6"  USE  EXTRA  FACE 
NAIL  OR  2  FACE  NAILS 


2  NAILS  FOR 
WIDTHS  Slt  AND  OVER 
AND  WHEN  USED 
WITHOUT  SHEATHING 


NAIL  TO  STUD  OR 
WOOD  SHEATHING 
(TO  CLEAR  TOP  OF 
LOWER  SIDING  COURSE  I 


Figure  1 1  -26  -Ntilirtp  the  tiding, 
11-24 
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Siding  should  be  square  cut  to  provide  a 
good  joint  at  window  and  door  casings  and  butt 
joints*  Open  joints  permit  moisture  to  enter  and 
often  lead  to  paint  deterioration.  It  is  a  good 
practice  to  brush  or  dip  the  freshcut  ends  of  the 
siding  in  a  water-repetlent  preservative  before 
boards  are  nailed  in  place.  After  the  siding  is  in 
place,  it  is  helpful  to  use  a  small  finger-actuated 
oil  can  to  apply  the  water-repellent  preservative 
at  the  end  and  butt  joints. 


DROP  AND  SIMILAR  SIDINGS 


Drop  siding  is  installed  in  much  the  same 
way  as  lap  siting  except  for  spacing  and  nailing. 
Drop,  Dolly  Varden,  and  similar  sidings  have  a 
constant  exposure  distance.  The  face  width  is 
normally  5  1/4  in.  for  I-  by  6-m.  siding  and 
7  1/4  in.  for  1-  by  8-in.  siding.  Normally,  one  or 
two  nails  should  be  used  at  each  stud,  depending 
on  the  widih,  (See  fig.  1  i -26, >  The  lengtli  of  the 
nail  depends  on  the  type  of  sheathing  used,  but 
penetration  into  the  stud  or  through  the  wood 
backing  should  be  at  least  1-1/2  inches. 

Horizontally  applied  matched  paneling  in 
narrow  widths  should  be  blind  nailed  at  the 
tongue  with  a  corrosion-resistant  finishing  nail. 
(See  fig-  11-26)  For  widths  greater  than  6 
inches,  an  additional  nail  should  be  used  as 
shown. 

Other  materials,  such  as  plywood, 
hardboard*  or  medium-density  fibcrboard,  which 
are  used  horizontally  in  widths  up  to  12  inches* 
should  be  applied  in  the  same  manner  as  lap  or 
drop  siding,  depending  on  the  pattern. 
Prepackaged  siding  should  be  applied  according 
to  the  manufacturers  directions 


VERTICAL  SIDING 


Vertically  applied  matched  and  similar 
sidings  with  interlapping  joints  are  nailed  in  the 
same  manner  as  when  they  are  applied 
hori/onially  However,  they  should  he  nailed  to 
blocking  used  between  studv  or  to  wood  or 


plywood  sheathing*  Blocking  is  spaced  from  16 
to  24  in.  apart*  With  plywood  or  nominal 
Hn*~board  sheathing,  nails  should  be  spaced  on 
16-in.  centers* 

When  the  various  combinations  of  boards 
and  battens  are  used,  they  should  also  be  nailed 
to  blocking  spaced  from  16  to  24  in*  apart 
between  studs,  or  closer  for  wood  sheathing* 
The  first  boards  or  battens  should  be  fastened 
with  nails  at  each  blocking,  to  provide  at  least 
I  1/2  in*  penetration.  For  wide  underboards, 
two  nails  spaced  about  2  in*  apart  may  be  used 
rather  than  the  single  row  along  the  center.  (See 
fig+  11-24.)  Nails  of  the  top  board  or  batten 
should  always  miss  the  underboards  t:nd  should 
not  be  nailed  through  chem*  (See  fig.  1 1-24.)  In 
such  applications,  double  nails  should  be  spaced 
closely  to  prevent  splitting  if  the  board  shrinks* 
It  is  also  a  good  practice  to  use  sheathing  paper* 
such  as  I5-Ib  asphalt  felt*  under  vertical  siding* 


SHEET  SIDiNG 


Exterior- grade  plywood*  paper-overlaid 
plywood*  and  similar  sheet  materials  used  for 
siding  are  usually  applied  vertically. 

The  nails  should  be  driven  Over  the  studs  and 
the  total  effective  penetration  into  the  wood 
should  be  at  least  I  1/2  inches*  For  example, 
3/8-in*-piywood  siding  over  3/4-in*  wood 
sheathing  would  require  about  a  sevenpenny 
nail*  which  is  2  1/4  in.  long*  This  would  result  in 
a  1  l/8-in+  penetration  into  the  stud,  but  a  total 
effective  penetration  of  I  7/8  in,  into  the  wood 
sheathing. 

All  types  of  sheet  material  should  have  the 
joints  caulked  with  mastic  unless  the  joints  are  of 
the  interlapping  or  matched  type  of  battens.  It  is 
a  good  practice  to  place  a  strip  of  15-lb  asphalt 
felt  under  uncaulked  joints. 


CORNER  COVERING 


Hie  outside  corners  of  a  wooden-frame 
structure  can  be  finished  in  several  ways.  Siding 
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boards  can  be  miter  joined  at  the  corners. 
Shingles  can  be  edge  lapped  alternately*  first 
from  one  side,  and  then  from  the  other.  The 
ends  of  siding  boards  can  be  butted  at  the 
corners  and  then  covered  with  a  metal  cap.  A 
type  of  cornet  finish  which  can  be  used  with 
almost  any  kind  of  outside-wall  covering  is 
called  a  CORNER  BOARD.  This  corner  board 
can  be  applied  to  the  cprner  with  the  siding  or 
shingles  end-or~edge-butted  against  the 
board. 

A  corner  board  usually  consists  of  two 
pieces  of  stock-one  piece,  3  in.  wide,  and  the 
other,  4  in.  wid«,  if  an  ecJge-butt  joint  between 
boards  is  used  The  boards  are  cut  to  a  length 
which  will  extend  from  the  top  of  the  water 
table  to  the  bottom  of  the  frieze.  They  are  edge 
butted  and  nailed  together  before  they  are 
nailed  to  the  corner.  This  procedure  insures  a 
good  tight  joint.  (See  fig.  11*27.)  A  strip  of 
building  paper  should  be  tacked  over  the  corner 
before  the  corner  board  is  nailed  in  position 
(always  allow  an  overlap  of  paper  to  cover  the 
subsequent  crack  formed  where  the  ends  of  the 
siding  butts  against  the  cornerboard). 
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FfgiNr*  1V27.-Cofn*r  board. 


Mitering  corners  (view  A,  fig.  1 1  -28)  of  bevel 
and  similar  sidings  is  not  always  satisfactory, 
unless  it  is  carefully  done  to  prevent  openings. 
To  maintain  agoodjoint,itis  necessary  that  the 
joint  fit  tightly  the  full  depth  of  the  miter.  It  is 
also  a  good  practice  to  treat  the  ends  with  a 
water-repellent  preservative  prior  to  nailing. 

Metal  corners  (view  B,  fig.  1N28)  are 
perhaps  more  commonly  used  than  the  mitered 
corner  and  give  a  mitered  effect.  They  are  easily 
placed  over  each  comer  as  the  siding  is  installed. 
The  metal  corners  should  fit  tightly  without 
openings  and  should  be  nailed  on  each  side  to 
the  sheathing  or  corner  stud  beneath.  When 
made  of  galvanized  iron,  they  should  be  cleaned 
with  a  mild  acid  wash,  and  primed  with  a  metal 
primer  before  the  structure  is  painted  to  prevent 
early  peeling  of  the  paint.  Weathering  of  the 
metal  will  also  prepare  them  for  the  prime  paint 
coat. 

Comer  boards  of  various  types  and  sizes  may 
be  used  for  horizontal  sidings  of  all  types.  (See 
fig.  11*27.)  They  also  provide  a  satisfactory 
termination  for  plywood  and  similar  sheet 
materials.  Vertical  applications  of  matched 
paneling  or  of  boards  and  battens  are  terminated 
by  lapping  one  side  and  nailing  into  the  edge  of 
this  member,  as  well  as  to  the  nailing  members 
beneath.  Comer  boards  are  usually  1  1/8  or 
1  3/8  inches  wide.  To  give  a  distinctive 
appearance,  they  should  be  quite  narrow.  Plain 
outside  casing  commonly  used  for  window  and 
door  frames  can  be  adapted  for  corner  boards. 

Prefinished  shingle  or  shake  exteriors  are 
sometimes  used  with  color-matched  metal 
corners.  They  can  also  be  lapped  over  the 
adjacent  corner  shingle,  alternating  each  course. 
This  kind  o?  comer  treatment,  called  lacing, 
usually  requires  that  flashing  be  used  beneath. 

V/hen  siding  returns  against  a  roof  surface, 
such  as  at  a  dormer*  there  should  be  a  clearance 
of  about  2  inches.  (See  view  C,  fig.  11-28.) 
Siding  which  is  cut  for  a  tight  fit  against  the 
shingles  retains  moisture  after  rains  and  usually 
results  in  paint  peeling.  Shingle  flashing 
extending  well  up  on  the  dormer  wall  will 
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figure  11-28.-$iding  detaftr.  A-  Miter  corner;  B*  Metal  corner*;  C.  Skiing  return  of  roof;  D.  Interior  corner. 


provide  the  necessary  resistance  to  entry  of 
wind-driven  rain.  Here  again,  a  water-repellent 
preservative  should  be  used  on  the  ends  of  the 
siding  at  the  roofline. 

Interior  corners  (view  D,  fig  11-28)  are 
butted  against  a  square  corner  board  of  nominal 
1  1/4  or  1  3/8  in.  size,  depending  on  the 
thickness  of  the  siding. 


MATERIAL  TRANSITION 

At  times,  the  materials  used  in  the  gable 
ends  and  in  the  walls  below  differ  in  form  and 
application.  The  details  of  construction  used  at 
the  juncture  of  the  two  materials  should  be  such 
that  good  drainage  is  assured.  For  example, 
when  vertical  boards  and  battens  are  used  at  the 
gable  end  and  horizontal  siding  below,  a  drip  cap 
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or  simitar  molding  might  be  used  (fig.  11-29). 
Hashing  should  be  used  over  and  above  the  drip 
cap  so  that  moisture  will  clear  the  gable 
material. 


WOOD  SHINGLES 

AND  WOOD  SHAKE  SIDING 


Wood  shingles  and  shakes  are  applied  in  a 
single  or  doublecourse  pattern.  They  may  be 
used  over  wood  or  plywood  sheathing.  When 
sheathing  is  3/8-in*  plywood,  use  threaded  nails. 
For  nonwood  sheathing,  1-  by  3-inch  or 
1-  by  4-inch  wood  nailing  strips  are  used  as  a 
base.  In  the  single-course  method,  one  course  is 
simply  laid  over  the  other  as  lap  siding  is 
applied  The  shingles  can  be  second  grade 
because  only  one-half  or  less  of  the  butt  portion 
is  exposed,  (See  fig,  11-30.)  Shingles  should  not 
be  soaked  before  application  but  should  usually 
be  laid  with  about  1/8  to  1/4  in.  space  between 
adjacent  shingles  to  allow  for  expansion  during 
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Figure  11  29  -Gable-end  finish  (material  traniition). 


rainy  weather.  When  a  "siding  effect"  is  desired, 
shingles  should  be  laid  so  that  they  are  in 
contact,  but  only  lightly.  Prestatned  or  treated 
shingles  provide  the  best  results. 

In  a  double-course  system*  the  undercourse 
is  applied  over  the  wall*  and  the  top  course  is 
nailed  directly  over  a  1/4-  to  1/2-in.  projection 
of  the  butt*  (See  fig.  11-31.)  The  first  course 
should  be  nailed  only  enough  to  hold  it  in  place 
while  the  outer  course  is  b£ing  applied.  The  first 
shingles  can  be  a  lower  quality,  such  as  third 
grade  or  the  undercourse  grade.  Because  much 
of  the  shingle  length  is  exposed,  the  top  course 
should  be  first-grade  shingles. 

Shingles  and  shakes  should  be  applied  with 
Fust-resistant  nails  long  enough  to  penetrate 
into  the  wood  backing  strips  or  sheathing,  In  a 
single  course,  a  threepenny  or  fourpenny 
zinc-coated  "shingle"  nail  is  commonly  used.  In 
a  double  course,  where  nails  are  exposed,  a 
fivepenny  zinc-coated  nail  with  a  small  flathead 
is  used  for  the  top  course,  and  a  threepenny  or 
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Figure    11*31,*-Doub)e*courJtn9  of  jidewaJli  (wood 
ihinglei-thake*). 


should  be  fastened 
stainless^steel  fasteners. 

MATERIAL  CHANGES 


One  wall  area  which  requires  flashing  is  at 
the  intersection  of  two  types  of  siding  materials. 
For  example,  a  stucco-finish  gable  end  and  a 
wood-siding  lower  wall  should  be  flashed  (view 
A,  fig.  1 1*32).  A  wood  molding,  such  as  a  drip 
cap,  separates  the  two  materials  and  is  covered 
by  the  flashing  which  extends  behind  the  stucco. 
The  flashing  should  extend  at  (east  4  in,  above 
the  intersection.  When  sheathing  paper  is  used,  it 
should  lap  the  flashing  (view  A,  fig.  1 1-32). 

When  a  wood-siding  pattern  change  occurs 
on  the  same  wall,  the  intersection  should  also  be 
flashed.  A  vertical  board-sided  upper  wall  with 
horizontal  siding  below  usually  requires  some 
type  of  flashing  (view  B,  fig.  11-32).  A  small 
space  above  the  molding  provides  a  drip  for  rain. 
This  will  prevent  paint  peeling  which  could 
occur  if  the  boards  w?re  in  tight  contact  with 
the  molding.  A  drip  cap  is  sometimes  used  as  a 
terminating  molding.  (See  fig.  1 1*29,) 


fourpenny  size  for  the  undercourse,  Use  building 
paper  over  lumber  sheathing. 


FLASHING 

Flashing  should  be  installed  at  the  junction 
of  materia]  changes,  ctiimneys,  and  roof-wall 
intersections.  It  shouid  also  be  used  over 
exposed  doors  and  windows,  roof  ridges  and 
valleys,  and  along  the  edge  of  a  pitched  roof,  or 
any  other  place  where  rain  and  melted  snow 
may  penetrate. 

To  prevent  corrosion  or  deterioration  where 
unlike  metals  come  together,  use  fasteners  made 
of  the  same  kind  of  metal  as  the  flashing.  For 
aluminum  flashing,  use  only  aluminum  or 
stainless  steel  nails,  screws,  hangers,  and  clips. 

For  copper  flashing,  use  copper  nails  and 
fittings.  Galvanized  sheet  metal  or  temeplate 


DOORS  AND  WINDOWS 


The  same  type  of  flashing,  as  shown  in  view 
A,  figure  1 1-32,  should  be  used  over  door  and 
window  openings  exposed  to  driving  rain. 
However,  window  and  doorheads  protected  by 
wide  overhangs  in  a  sing!e*story  structure  with  a 
hip  roof  do  not  ordinarily  require  the  flashing. 
When  building  paper  is  used  on  the  sidewalls,  it 
should  laj?  the  top  edge  of  the  flashing.  To 
protect  the  walls  behind  the  window  sill  in  a 
brick  veneer  exterior,  flashing  should  extend 
under  the  masonry  sill  up  to  the  underside  of 
the  wood  sill. 


FLAT  ROOFS 

Flashing  is  also  required  at  the  junctions  of 
an  exterior  wall  and  a  flat  or  low*pitched 
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Ftgur*  11-32  -Fldthing  cf  material  changes,  A.  Stucco  above,  tiding  below,  8,  Verticil  riding  Above,  horizontal  talow. 


built-up  roof  (See  view  C,  %  ll*3J.j  Where  a 
metal  roof  is  used,  the  metal  is  turned  up  on  the 
wall  and  coyered  by  the  siding,  A  clearance 
should  be  allowed  at  the  bottom  of  the  siding  to 
protect  against  melted  snow  and  rain. 

RIDGES 

To  prevent  water  entry,  (see  view  Bt  fig, 
1 1-16),  ridge  flashing  should  be  used  under  a 
Boston  ridge  when  either  a  wood  or  asphalt 
shingie,  or  a  shake  roof  is  used.  The  flashing 
should  extend  about  3  in.  on  each  side  of  the 
ridge  and  be  nailed  in  place  only  at  the  outer 
edges.  The  ridge  shingles  or  shakes,  which  are  6 
to  Sin.  wide,  cover  the  flashing. 

Stack  vents  and  roof  ventilators  are  provided 
with  flashing  collars  which  are  lapped  by  the 


shingles  on  the  upper  side.  The  lower  edge  of  the 
collar  laps  the  shingles.  Sidt  are  nailed  to  the 
shingles  and  caulked  with  a  roofing  mastic. 


VALLEYS 


A  valley,  formed  by  two  intersecting 
rooftines,  is  usually  covered  with  metal  flashing. 
Some  building  regulations  allow  the  use  of  two 
thicknesses  of  mineral-surfaced  roll  roofing  in 
place  of  the  metal  flashing.  As  an  alternate*  one 
36-in.-wide  strip  of  roll  roofing  with  closed  or 
woven  asphalt  shingles  is  also  allowed. 

The  width  of  the  valley  between  shingles 
should  increase  from  the  top  to  the  bottom,  as 
shown  in  view  A,  figure  11-34.  The  minimum 
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Figure  11-33.-Built*up  roof;  A.  Installation  of  roof; 
B.  Gravel  stop;  C.  Flashing  at  building  line. 

open  width  at  the  lop  is  4  in.  and  should  be 
increased  at  Ihc  rate  of  about  11$  in.  per  ft. 
Widths  can  be  chalkhned  on  the  flashing  before 
shingles  are  applied. 

Where  adjacent  roof  slopes  vary,  such  as  a 
low-slope  porch  roof  intersecting  a  steeper  main 
roof,  a  1-inch  crimped  standing  seam  should  be 
used  (See  view  B,  fig.  11-34.)  This  will  keep 
heavy  rains  on  the  steeper  slopes  from 
overrunning  the  valley  and  being  forced  under 
the  shingles  on  the  adjoining  slope.  Nails  for  the 
shingles  should  be  kept  back  as  far  as  possible  to 
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Figure  11-34,-Valley  flashing:  A.  Valley;  B.  Standing 
team. 

eliminate  holes  in  t^e  Hashing.  A  ribbon  of 
asphalt-roofing  maslie  is  often  used  under  Ihe 
edge  of  the  shingles.  It  is  wise  to  use  the  wider 
valley  flashings  supplemented  by  a  width  of  15- 
or  30-lb*aspha]t  felt  where  ice  dams  may  cause 
the  water  from  melting  snow  10  back  under  the 
shingles, 


ROOF-WALL 
IN  TERSECTIONS 


Whete  shingles  on  a  roof  inlersect  a  vertical 
wall,  shingle  flashing  js  used  at  the  junction.  Tin 
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or  galvinized-metal  shingles  are  bent  a:  a  90° 
angle  anA  extend  up  the  side  of  the  wall  ove*  the 
sheathing,  as  shown  in  view  A,  figure  11-35. 
When  used  under  the  shingle*  roofing  felt  is 
turned  up  on  the  wall  and  covered  by  the 
flashing*  One  piece  of  flashing  is  used  at  each 
shingle  course,  The  siding  is  then  applkd  over 
the  flashing  with  about  a  2-in.  space  allowed 
between  the  bevel  edge  of  the  siding  and  the 
roof. 

If  the  roof  intersects  a  brick  wall  or 
chimney,  the  same  type  of  metal  shingle  flashing 
is  used  at  the  end  of  each  shingle  course  as 
described  for  the  wood-sided  wall.  In  addition* 
counterflashing  or  brick  flashing  is  used  to  cover 


B 
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Figure  11*3S.-Roof  and  wall  intsriection:  A-  Wood 
tiding  mil;  B.  Brick  will. 


the  shingle  flashing,  as  shown  in  view  Bt  figure 
1 1-35.  Often  performed  in  sectionst  this 
counterflashing  is  inserted  in  open  mortar  joints. 
Unless  soldered  together,  each  section  should 
overlap  the  next,  with  the  joint  caulked.  As  the 
chimney  or  the  brick  wall  is  layed  up,  the 
mortar  is  usually  raked  out  to  a  depth  of  about 
1  in.  at  flashing  locations.  Lead  wedges  are 
driven  into  the  joint  above  the  flashing  to  hold  it 
in  place.  The  joint  is  then  caulked  to  provide  a 
watertight  connection.  In  chimneys,  this 
counterflashing  is  often  preformed  to  cover  one 
entire  side. 


ROOF  EDGES 


The  cornice  and  the  rake  section  of  the  roof 
are  sometimes  protected  by  a  metal  edging.  This 
edging  forms  a  desirable  drip  edge  at  the  rake 
and  prevents  rain  from  entering  behind  the 
shingles.  (See  view  B,  fig.  1 1-14.) 

At  the  eave  line,  a  similar  metal  edging  may 
be  used  to  advantage  (view  A,  figure  11-36). 
This  edging,  with  the  addition  of  a  roll  roof 
flashing,  (see  view  B,  %  11-9),  will  aid  in 
resisting  water  entry  from  ice  dams.  Variations 
of  it  are  shown  in  views  B  and  C,  figure  1 1-36, 
They  form  a  good  drip  edge  and  prevent  or 
minimize  the  chance  of  rain  being  blown  back 
under  the  shingles.  This  type  of  drip  edge  is 
desirable  whether  or  not  a  gutter  is  used. 


GUTTERS  AND 
DOWNSPOUTS 


Several  types  of  gutters  are  available  to  guide 
the  rainwater  to  the  downspouts  and  away  from 
the  foundation.  Some  gutters  are  built  in  the 
cornice.  These  are  lined  with  sheet  metal  and 
connected  to  the  downspouts.  On  flat  roofs, 
water  ts  often  drained  from  one  or  more 
locations  and  carried  through  an  inside  wall  to 
an  underground  drain.  All  downspouts 
connected  to  an  underground  drain  should 


11-32 


Chapter  11 -EXTERIOR  FINISH 


B 


B 


133.599 

Figure  11*36,— Cornice  (lathing:  A,  Formed  flathing;  8, 
Fbthing  without  wood  blocking;  C,  Flathing  with 
wood  blocking. 


contain  basket  strainers  at  the  junctions  of  the 
gutter. 

Perhaps  the  most  commonly  used  gutter  is 
the  type  hung  from  the  edge  of  the  roof  or 
fastened  to  the  edge  of  the  cornice  fascia.  Metal 
gutters  may  be  the  half-round  (view  A,  fig, 
11-37),  or  a  formed  type  (view  B,  fig,  11-37), 
and  may  be  made  of  galvanized  metal,  copper, 
or  aluminum.  Some  have  a  factory-applied 
enamel  finish. 


13X600 

Figure  11-37,-Gutwri  and  downtpout*:  A,  He  tf -round 
gutter;  B,  Formed  gutter;  C,  Round  downipout;  D, 
Rectangular  downspout. 


corrugated  to  provide  extra  stiffness  and 
strength.  Corrugated  patterns  are  less  likely  to 
burst  when  plugged  with  ice. 

On  long  runs  of  gutters,  such  as  required 
around  a  hip-roof  structure,  at  least  four 
downspouts  are  desirable.  Gutters  should  be 
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Downspouts  are  round  or  rectangular  (views 
C  and  D,  fig,  1  l-37j,  but  the  round  type  is  used 
for  the  half-round  gutters.  They  are  usually 
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Figure  11-38,— Formed  metal  gutter*. 


II -33 


«7 


BUILDER  3  &  2 


installed  with  a  slight  pitch  toward  the 
downspouts.  Meta]  gutters  are  often  suspended 
from  the  edge  of  the  roof  with  hangers,  as 
shown  in  figure  1 1-38.  Hangers  should  be  spaced 
48  in.  apart  when  made  of  galvanized  steel  and 
30  in.  apart  when  made  of  copper  or  aluminum. 
Formed  gutters  may  be  mounted*  on  furring 
strips,  but  the  gutter  should  be  reinforced  with 
wrap-around  hangers  at  48-in,  intervals.  Gutter 
splices,  downspout  connections,  and  corner 
joints  should  be  soldered  or  provided  with 
watertight  joints. 

Downspouts  are  fastened  to  the  wall  by 
straps  or  hooks  (view  A,  fig.  1 1-39),  Several 
patterns  of  these  fasteners  allow  a  space  between 
the  wall  and  downspout.  One  common  type 
consists  of  a  galvanized  metal  strap  with  a  *pike 
and  spacer  collar.  After  the  spike  is  driven 
through  the  collar  and  into  the  siding  and 
backing  stud,  the  strap  is  fastened  around  the 
pipe.  Downspouts  should  be  fastened  at  the  top 
and  bottom.  In  addition*  a  strap  or  hook  should 
be  used  every  6  ft  on  long  downspouts. 

An  elbow  should  be  used  at  the  bottom  of 
the  downspout,  as  well  as  a  splash  ^lock*  to 
carry  the  water  away  from  the  wall.  However,  a 
tile  line  is  sometimes  used  to  carry  the  water  to 
a  storm  sewer  (See  view  B,  fig.  i  1-39.) 
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Figure  1 1  -39.-Dowii*pout  In  rtaliatkm ;  A,  Downspout 
with  fpiifh  block;  B,  Pra'n  to  ttorm  sewer, 
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CHAPTER  12 

INTERIOR  FINISH 


As  a  Builder,  you  and  your  crewmembers 
will  be  responsible  for  putting  many  finishing 
touches  on  the  interiors  of  the  buildings  of  a 
construction  project.  The  interior  finish  consists 
mainly  of  the  coverings  applied  to  the  rough 
walls,  ceilings,  and  floors.  Interior  finish  abo 
involves  the  installation  of  windows  arid  doors 
(included  under  exterior  finish  too);  window 
and  door  trim;  other  trim  such  as  base  and 
cornice;  stairs;  hardware;  and  where  required, 
kitchen  and  builHn  cabinets. 

WALL  AND  CEILING  COVERINGS 

Though  lath-and-plaster  finish  is  widely  used 
in  building  construction,  the  use  of  dry-wall 
finishes  has  been  increasing.  It  usually  saves  time 
in  construction.  Being  wet,  plaster  finish 
requires  drying  time  before  other  interior  work 
can  be  started.  Dry-wall  finish  does  not  since 
little,  if  any,  water  is  required  for  application. 
However,  a  gypsum  dry  wall  demands  a 
moderately  low  moisture  content  of  the  framing 
members  to  prevent  "nail-pops."  These  result 
when  frame  members  dry  out  to  moisture 
equilibrium,  causing  the  nailhead  to  form  small 
"humps"  on  the  surface  of  the  board. 
Furthermore,  stud  alinement  is  important  for 
single-layer  gypsum  finish  to  prevent  a  wavy, 
uneven  appearance.  Thus,  there  are  advantages 
to  both  plaster  and  gypsum  dry-wall  finishes  and 
each  should  be  considered  along  with  the  initial 
cost  and  maintenance. 

There  are  many  types  of  dry-wall  finishes, 
but  one  of  the  most  widely  used  is  gypsum 
board  in  4-by8-ft  sheets  and  in  lengths  up  to 
16  ft  which  are  used  for  horizontal  application. 


Plywood,  hardboard,  fiberboard,  particle  board, 
wood  paneling,  and  similar  types,  many  in 
prefinished  form,  are  also  used. 

The  use  of  thin  sheet  materials,  such  as 
gypsum  board  or  plywood  requires  that  studs 
and  ceiling  joists  have  good  alinement  to  provide 
a  smooth,  even  surface.  Wood  sheathing  will 
often  correct  misalined  studs  on  exterior  walls. 
A  "strong  back"  provides  for  alinement  of 
ceiling  joists  of  unfinished  attics.  (See  view  A, 
fig.  12-1,)  It  can  be  used  at  the  center  of  the 
span  when  ceiling  joists  are  uneven. 

INSTALLATION  OF  GYPSUM  BOARD 

Gypsum  board  is  a  sheet  material  composed 
of  a  gypsum  filler  faced  with  paper.  Sheets  are 
normally  4  ft  wide  and  8  ft  long,  but  can  be 
obtained  in  lengths  up  to  16  ft.  The  edges  along 
the  length  are  usually  tapered*  although  some 
types  are  tapered  on  all  edges.  This  allows  for  a 
filled  and  taped  joint.  This  material  may  also  be 
obtained  with  a  foil  back  which  serves  as  a  vapor 
barrier  on  exterior  walls.  It  is  also  available  with 
vinyl  or  other  prefinished  surfaces.  In  ^w 
construction,  1/2-in,  thickness  is  recommended 
for  single-layer  application.  1  n  laminated  two-ply 
applications,  two  3/&in,-thickWieets/&re  used. 
The  3  /  8-i  n .  thickness,  whW '  considered 
minimum  for  16-in.  stud  spacing  in  single-layer 
applications,  is  normally  specified  for  repair  and 
remodeling  work. 

When  the  single-layer  system  is  used,  the 
4-ft-wide  gypsum  sheets  are  applied  vertically  or 
horizontally  on  the  walls  after  the  ceiling  has 
been  covered.  Vertical  applies-  on  covers  three 
stud   spaces  when  studs   are  spaced  16-in. 
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Figure  Application  of  gyptum  board  finish:  A. 

Strong  back;  B,  Vertical  application;  C,  Horizontal 
application. 


oncenter,  and  iwo  when  spacing  is  24  in.  Edges 
should  be  centered  on  studs,  and  only  moderate 
contact  should  be  made  between  edges  of  the 
sheet, 

Fivepcnny  wallboard-type  nails  ( 1  5/8  in, 
long)  should  be  used  with  1/2-in^  gypsum,  and 
fourpenny  (1  3/8  in,  long)  with  the  3/83n.  thick 
material.  Ring-shank  nails*  about  t/8-in,  shorter* 
can'  also  be  used.  Some  manufacturers  often 
recommend  the  use  of  special  screws  to  ^educe 
"bulging*'  of  the  surface  ("nail-pops"  caused  by 
*  drying  out  of  the  frame  members). 

Nails  should  be  spaced  6  to  Sin,  apart  for 
sidewalls  (view  B,  fig,  12-1)  and  5  to  7  in,  apart 
for  ceiling  application  whereas  the  minimum 
edge  distance  is  3/8  in. 

The  horizontal  method  of  application  is  best 
adapted  to  rooms  in  which  fulMength  sheets  can 
b£  used,  as  it  minimizes  the  number  of  vertical 
joints.  Where  joints  are  necessary*  they  should 
be  made  at  windows  or  doors.  Nail  spacing  is  the 
same  as  that  used  in  vertical  application.  When 
stud  spacing  is  not  greater  than  16-in,  oncenter 
and  the  gypsum  board  is  3/8  in,  or  thicker,  the 
horizontal  nailing  blocks  are  not  normally 
required.  However,  when  spacing  is  greater,  or 
an  impact-resistant  joint  is  required,  nailing 
blocks  should  be  used,  (See  view  C,  fig,  12-1,) 

Another  method  of  gypsum-board  ap- 
plication (laminated  two-ply)  includes  an 
undercourse  of  3/8-in,  material  applied  vertically 
and  nailed  in  place.  The  finish  3/8-in,  sheet  is 
applied  horizontally,  usually  in  room-size 
lengths*  with  an  adhesive.  This  adhesive  is  either 
applied  in  ribbons,  or  is  spread  with  a  notched 
troweL  The  manufacturers  recommendations 
should  be  followed  in  all  respects. 

Nails  in  the  finish  gypsum  wallboard  should 
be  driven  with  the  heads  slightly  below  the 
surface.  The  crowned  head  of  the  hammer  will 
form  a  small  dimple  in  the  wallboard,  (See  view 
A,  fig,  12-2,) 

A  nail  set  should  not  be  used,  and  care 
should  be  taken  to  avoid  breaking  the  paper  on 
the  gypsum  wallboard. 

Joint  cement*  "spackle/*  is  used  to  apply  the 
tape  over  the  tapered  edge  joints  and  to  smooth 
and  level  the  surface.  It  comes  in  powder  form 
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wall  for  painting:  A.  Driving  nail,  in  "dimple"  faihion;  B.  Detail  of  joint 

Fiaurs  12-2 .-Preparing  gypsum  dry-wall  sneeu  tor  painn  3-  "  » 
l-.gure  iz  z.  treatment;  C  corner  tape;  D.  Coiling  molding. 


and  is  mixed  with  water  to  a  soft  putty 
consistency  so  that  it  can  be  easily  spread  with  a 
trowel  or  putty  (drywall)  knife  'See  fig.  12-3  > 
It  can  also  be  obtained  in  premixed  form.  The 
general  procedure  for  taping,  as  shown  in  view 
B,  fig.  12-2.  is  as  follows 

1.  Use  a  wide  sparkling  knife  (5  in.)  and 
spread  the  cement  in  ti„  tapered  edges,  starting 
at  the  top  of  the  wail. 


2.  Press  the  tape  into  the  reeess  with  the 
putty  knife  until  the  joint  cement  is  forced 
through  the  perforations. 

3.  Cover  the  tape  with  additional  cement, 
feathering  the  outer  edges. 

4.  Allow  to  dry,  sand  the  joint  lightly,  and 
then  apply  the  second  coat,  feathering  the  edges. 
A  steel  trowel  is  sometimes  used  in  applying  the 
second  coat.  For  best  results,  a  third  coat  may 
he  applied,  feathering  beyond  the  second  coat. 
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Figure  12-3.-Baiic  dry-wall  hand  tooli. 
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5,  After  the  joint  cement  is  dry,  sand  it 
smooth  (an  electnc  hand  vibrating  sander  works 
well)* 

6.  To  hide  hammer  indentations,  fili  them 
with  joint  cement  and  sand  then  smooth  when 
dry.  Repeat  with  a  second  coat  when  necessary. 

Interior  comers  may  he  treated  with  tape 
Fold  the  tape  down  the  center  to  a  right  angle 


(view  C  fig.  12*2),  and  (1)  apply  cement  at  the 
comer,  (2)  press  the  tape  in  place,  and  (3)  finish 
the  corner  with  joint  cement.  Sand  it  smooth 
when  dry  and  apply  a  second  coat. 

The  interior  comers  between  walls  and 
ceilings  may  also  be  concealed  with  some  type 
of  molding,  as  shown  in  view  D,  fig.  12-2,  When 
moldings  are  used,  taping  this  joint  is  not 
necessary.  WaJlboard  comer  beads  at  exterior 
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comers  will  prevent  damage  to  the  gypsum 
board.  They  are  fastened  in  place  and  Covered 
with  the  joint  cement. 


INSTALLATION  OF  PLYWOOD 


Prefmislied  plywood  is  available  in  a  number 
of  kinds,  and  its  use  should,  not  be  overlooked 
for  accent  walls  or  to  cover  entire  room  wall 
areas.  Plywood  for  interior  covering  mav  be  used 
in  4r  by  8-ft  lengths  and  longer  sheets.  They  may 
be  applied  vertically  or  horizontally,  but  with 
solid  backing  at  all  edges.  For  lWn, 
frame-member  spacing,  l/4-in,  thickness  is 
considered  minimum.  For  20-  or  24-im  spacing, 
3/S-in-  plywood  is  the  minimum  thickness. 
Casing  or  finishing  aails  I  1/4  to  I  |/2in.  long 
are  used.  Space  them  8  in.  apart  on  the  walls  and 
6  in-  apart  on  the  eejlings.  Edge  nailing  distance 
should  be  not  less  than  3/8  in.  Allow  l/32-iii. 
end  and  edge  distance  between  sheets  when 
installing.  Most  wood  or  wood-base  panel 
materials  should  be  exposed  to  the  conditions  of 
the  room  before  installation.  Place  them  around 
the  heated  room  for  at  least  24  hrs, 

Adhesives  may  also  be  used  to  fasten 
prefinished  plywood  and  other  sheet  materials 
to  wall  studs.  These  panel  adhesives  usually 
eliminate  the  need  for  more  than  two  guide  naiis 
for  each  sheet  Application  usually  conforms  to 
the  following  procedures,  (I)  position  the  sheet 
and  fasten  it  with  two  nails  for  guides  at  the  top 
or  sHe,  y  l\  remove  plywood  and  spread  contact 
or  similar  adhesive  oji  the  framing  members;  (3) 
press  the  plywood  in  place  for  full  Contact  using 
the  nails  for  positioning.  (4)  pull  the  plywood 
away  from  the  studs  and  allow  adhesive  to  set: 
and  f5)  press  plywood  against  the  framing 
members  and  tap  lightly  with  a  rubber  mallet  for 
full  contact.  Manufacturers  of  adhesives  supply 
full  instructions  for  application  of  sheet 
materials. 

NOTL:  When  rework  or  new  construction  in 
pMw  buildings  is  done,  fire  regulations  olten 
require  j  tire  retardant  material  such  as  gypsum 
hoard  be  installed  pnor  to  placing  plywood 
paneling  or   joy  uther  lomNiisfihle  materia!. 


However,  there  are  now  on  the  market  fire 
resistant  finished  plywood  panels,  but  they  are 
normally  very  expensive  compared  to  the 
standard  panels. 

INSTALLATION  OF  HARDBOARD 
AND  FIBER  BOARD 

Hardboard  and  fiberboard  are  applied  the 
same  way  as  plywood,  Hardboard  should  be  at 
least  l/4-in,  thick  when  used  over  open  framing 
spaced  16-in,  oncenter.  Rigid  backing  of  some 
type  is  required  for  l/8-im-thick  hardboard, 

Fiberboard  in  tongued-and-grooved  plank  or 
sheet  form  should  be  I/2  in.  thick  when  frame 
members  are  spaced  16-in.  oncenter  and  3/4-in. 
when  24-in.  spacing  is  used,  as  previously 
outlined.  The  casing  or  finishing  nails  must  be 
slightly  longei  than  those  used  for  plywood  or 
hardboard;  spacing  is  about  the  same. 
Fiberboard  is  also  used  in  the  ceiling  as  acoustic 
tile  and  may  be  nailed  to  strips  fastened  to 
ceiling  joists.  Jt  is  also  installed  in  12  by  12  in, 
or  iarjrer  tile  forms  on  wood  or  metal  hangers 
which  are  hung  from  the  ceiling  joists.  This 
system  is  called  a  "suspended  ceiling," 

INSTALLATION  OF  WOOD  PANELING 

Various  types  and  patterns  of  woods  are 
available  for  application  on  walls  to  obtain  the 
desired  decorative  effects.  For  informal 
treatment,  knotty  pine,  white-pocket  Douglas- 
fir,  sound  wormy  chestnut,  and  pecky  cypress, 
finished  natural  or  stained  and  varnished*  may 
be  used  to  cover  one  or  more  sides  of  a  room. 
The  wood  paneling  should  be  thoroughly  dry. 
Allow  the  material  to  reach  this  condition  by 
placing  it  Hat  on  the  floor  of  a  heated  room. 

The  panels  (boards)  may  be  applied 
horizontally  or  vertically,  but  the  same  general 
methods  of  application  should  pertain  to  each. 
The  following  guidelines  may  be  used  in  the 
application  of  matched  wood  paneling: 

I,  The  boards  should  not  be  wider  than 
8  in,  except  when  a  long  tongue  or  matched 
edges  are  used, {Sec  figure  ,2-4,) 
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Figure  124,- Application  of  vertical  paneling* 


2,  The  thickness  of  the  boards  should  be  at 
least  3/8  in,  for  16-in,  spacing  of  frame 
members,  l/2in,  for  20in*  spacing,  and  5/8  in, 
for  24-in,  spacing, 

3,  The  boards  should  be  nailed  over  a  vapor 
barrier  and  insulated  when  application  is  on  the 
exterior  wall  framing  or  blocking, 

4,  The  maximum  spacing  of  supports  for 
nailing  should  be  24  in,  oncenter  (blocking  for 
vertical  application). 

5,  The  nails  should  be  fivepenny  or 
sixpenny  casing  or  finishing. 

6-  You  should  use  two  nails  for  boards  6  in, 
or  less  in  width  and  three  nails  for  boards  8  in, 
or  wider.  One  nail  can  be  blind-nailed  in 
matching  paneling. 

Wood  panels  in  the  form  of  small  plywood 
squares  can  also  be  used  for  the  interior  wall 
coverings-  (See  fig*  I2-5,)  When  used  over 
framing  and  a  vapor  barrier,  blocking  should  be 
located  so  that  each  edge  has  full  bearing*  Each 
edge  should  be  fastened  with  casing  or  finish 
nails*  When  two  sides  are  tongue d-and-grooved, 
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Figure  12  5, -Application  of  ton9ued-and-grooved  panel* 
ing  over  stud*. 


one  edge  (tongued  side)  may  be  blind-nailed. 
When  paneling  {16  by  18in*  or  larger)  crosses 
studs,  it  should  be  nailed  at  each  intermediate 
bearing.  Matched  (tongued-and-grooved)  sides 
should  be  used  when  no  horizontal  blocking  is 
provided  or  paneling  is  not  used  over  a  solid 
backing. 


SUSPENDED  ACOUSTIC 
CE1IJNG  SYSTEMS 

Suspended  acoustical  ceiling  systems  can  be 
installed  to  lower  a  ceiling,  finish  off  exposed 
joints,  cover  damaged  plaster,  or  make  any  room 
quieter  and  brighter.  The  majority  of  the 
systems  available  are  primarily  designed  for 
acoustical  control;  however,  many  manu- 
facturers offer  systems  which  integrate  the 
functions  of  lighting*  air  distribution,  fire 
protection  and  acoustical  control.  Individual 
characteristics  of  acoustical  ules,  including 
sound  absorption  coefficients,  noise  reduction 
coefficients,  light  reflection  values,  flame 
resistance,  and  architectural  applications,  are 
available  from  the  manu  facturer.  Tiles  are 
available  in  i2  to  .'Oin*  widths,  12  to  60in* 
lengths,  and  3/16  to  2/4^in*  thickness.  The  larger 
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sizes  are  referred  to  as  panels.  The  most 
commonly  used  panels  in  suspended  ceiling 
systems  are  the  standard  2-  by  2-ft  and  2-  by  4-ft 
acoustic  panels  composed  of  mineral  or  cellulose 
fibers. 

It  is  beyond,  the  scope  of  this  training 
manual  to  acquaint  you  with  each  of  the 
suspended  acoustical  ceiling  systems  in  use 
today.  Just  as  the  components  of  these  systems 
vary  according  to  manufacturers,  so  do  the 
procedures  involved  in  their  installation.  With 
this  in  mind*  the  following  discussion  is  designed 
to  acquaint  you  with  the  principles  involved  in 
the  installation  of  a  typical  suspended  acoustical 
ceiling  system  that  is  adaptable  to  both  standard 
sizes  of  acoustical  panels, 

PREPARATION  FOR  INSTALLATION 

The  success  of  a  suspended  ceiling  project,  as 
with  any  construction  project,  is  just  as 
dependent  on  planning  as  it  is  with  construction 
methods  and  procedures.  Planning  in  this  case 
involves  ihc  selection  of  a  grid  system  (either 
steel  or  aluminum)*  the  selection  and  layout  of  a 
grid  pattern  <  2  by  2  ft  or  2  by  4  ft),  and  the 
determination  of  material  requirements.  Figure 
12-6  shows  the  major  components  of  a  steel  and 
aluminum  ceiling  grid  system  which  are  used  for 
the  2-  by  2-ft  or  2-  by  4-ft  grid  patterns  shown 
in  figure  12-7 

Grid  Pattern  Layout 

The  layout  of  a  gnd  pattern  arid  the  material 
require  men  ts  are  based  on  the  ceiling 
measurements,  the  length  and  width  of  the  room 
at  the  new  ceiling  height.  If  the  ceiling  length 
and/or  width  is  not  divisible  by  2  ft,  increase 
that  dimension  to  the  next  higher  foot  divisible 
by  2  ft.  For  example,  if  a  ceiling  measures  13ft, 
7  in.  by  10  ft,  4  in.,  it  should  be  considered  as 
being  a  14- by  12-ft  ceiling  for  material  and 
layout  purposes.  The  next  step  is  to  draw  a 
layout  on  graph  paper,  making  sure  that  the 
main  tecs  mn  perpendicular  to  the  joists. 
Position  the  mair  tecs  on  your  drawing  so  that 
the  border  pane!b  at  room  edges  are  equal  and  as 
large  as  possible  Try  several  layouts  to  see 
which  loota  best  with  Etic  main  tees.  Draw  m 
Cross  tees  so  the  border  panels  at  the  room  ends 
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figure  12*6. —Grid  tyitam  component 

arc  equal  and  as  large  as  possible.  Try  several 
combinations  to  determine  the  best  one.  For 
2-  by  4-ft  patterns,  space  across  tecs  4  ft  apart. 
For  2- by  2-ft  patterns,  space  cross  tees  2  ft 
apart.  For  smaller  areas,  the  2-  by  2-ft  pattern  is 
recommended. 

Material  Requirements 

As  indicated  in  figure  I  2-6,  wall  angles  and 
main  ters  come  in  J2-fi  pieces,  Using  the 
perimeter  of  room  at  suspended  ceiling  height, 
you  can  ccterminc  th<fnumber  of  pieces  of  wall 
angle  by  dividing  the  perimeter  by  !2  and 
adding  I  additional  piece  for  any  fraction. 
Determine  the  number  of  1 2-ft  main  tecs,  2-ft 
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Figure  12-7.~Grid  pattern** 


and/or  4-ft  cross  tees  by  counting  them  on  the 
grid  pattern  layout.  In  determining  the  number 
of  2-ft  or  4-ft  cross  tees  for  border  panels,  you 
must  remember  that  no  more  than  2  border  tees 
can  be  cut  from  one  cross  *ee. 


INSTALLATION 

The  tools  normally  required  for  the 
installation  of  a  grid  system  of  the  type  under 
discussion  include  a  hammer,  chalk,  or  pencil, 
pliers,  tape  measure,  screwdriver,  hacksaw* 
knife,  and  tinsnips.  With  these  tools  on  hand, 
you  can  begin  installation  by  installing  the  wall 
angles*  then  the  suspension  wires  followed  by 
the  main  tees,  cross  tees*  and  acoustical  panels. 


Wall  Angles 


The  first  step  is  to  install  the  wall  angles  at 
the  new  ceiling  height  which,  in  the  case  of  the 
grid  system  upder  discussion*  can  be  as  close  as 
2  in.  below  the  existing  ceiling.  Begin  by 
ma/king  a  line  around  the  entire  room  to 
indicate  wall  angle  height  and  to  serve  as  a  level 
reference.  Make  sure  10  mark  continuously  to 
insure  that  the  lines  at  intersecting  walls  meet. 
(See  fig.  12-8,)  On  gypsum  board,  plaster  or 
paneled  walls,  install  wall  angles  with  nails  or 
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Figure  12-8, -Wall  angle  installation. 
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Figure  12-9. -Corner  treatment. 


Attach  wires  to  the  existing  ceiling  with  naiis  or 
screw  eyelets.  Before  attaching  the  first  wire, 
measure  the  distance  from  the  wall  to  the  first 
n-aii)  tee.  Then  stretch  *  guideline  from  opposite 
wall  angles  to  show  the  correct  position  of  the 
first  main  tee.  Position  suspension  wires  for  the 
first  tee  along  the  guide.  Wires  should  be  cut  to 
proper  length,  which  is  at  least  2  in.  longer  than 
the  distance  between  the  old  and  new  ceiling. 
Attach  additional  wires  at  4-ft  intervals.  Pull 
wires  to  remove  kinks  and  make  90°  bends  in 
the  wires  where  they  intersect  the  guideline. 
Move  the  guideline,  as  required,  for  each  row* 
(See  fig.  12-I0.)  After  the  suspension  wires  are 
attached,  the  next  step  is  to  install  the  main 
tees. 


screws.  On  masonry  wallsi  use  concrete  nails 
spaced  24  in.  apart  taking  care  to  insure  *hat  the 
wall  angle  is  level.  (See  figure  1 2-9  for  treatment 
at  corners.)  After  the  wall  angles  are  installed, 
the  next  step  is  to  attach  the  suspension  wires. 


Main  Tees 

Main  tees,  12  ft  or  less  in  length,  are 
installed  by  resting  the  ends  on  opposite  wall 
angles  and  inserting  the  necessary  suspension 
wires.  (See  fig.  1 2-1 1.)  Hang  one  wire  near  the 


Suspension  Wires 

Suspension  wires  are  required  every  4-ft 
along  main  tees  and  on  each  side  of  all  splices. 
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Figure  12-10.— Suspension  wire  installation. 
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Figure  12*11-— Main  tee  *utf>en*ion  and  rtael  tee  splice. 
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Figure  1212,-Main  tee  suspension  and  aluminum  tee 
splice, 


middle  of  the  maiii  tee,  level  and  adjust  the  wire 
length,  then  secure  all  the  wires  by  making  the 
necessary  turns  in  the  wire. 

If  the  main  tees  required  are  over  12  ft  in 
length,  they  must  be  cut  to  insure  that  the  cross 
tees  will  not  intersect  the  main  tee  at  a  splice 
joint.  Begin  the  installation  by  resting  the  cut 
end  on  the  wall  angle  and  attaching  the 
suspension  wire  closest  to  the  opposite  end. 


ALUMINUM  CROSS 
TEE  ASSEMBLY 


High 


UwT«b 


Attach  the  remaining  suspension  wires,  while 
making  sure  the  main  tee  is  level  before  securing. 
The  remaining  tee  or  tees  are  installed  by 
making  the  necessary  splices  as  shown  in  figures 
12-11  and  1?-12,  and  resting  the  end  on  the 
opposite  wall  angle.  After  the  main  tees  are 
installed,  leveled,  and  secured,  the  Oext  step  is  to 
install  the  cross  tees. 

Cross  Tees 

Aluminum  cross  tees  have  "Irgh"  and  "low" 
tab  ends  which  provide  easy  positive  installation 
without  tools.  Installation  begins  by  cutting 
borde'  tees  (when  necessary)  to  fit  between  the 
first  main  tee  and  the  wall  angle.  Cut  off  the 
high  tab  end  and  rest  this  end  in  the  main  tee 
slot.  Repeat  this  procedure  until  all  border  tees 
are  installed  on  one  side  of  the  room.  Continue 
across  the  room,  installing  the  remaining  cross 
tees  in  accordance  with  your  grid  pattern  layout. 
An  aluminum  cross  tee  assembly  is  shown  in 
figure  12-13,  At  the  opposite  wall  angle,  cut  off 
the  low  tab  of  the  border  tee  and  rest  the  cut 
end  on  the  wall  angle.  If  the  border  edge  is  less 
than  half  the  length  of  the  cross  tee,  you  can  use 
t\e  remaining  portion  of  the  border  tee  that  was 
previously  cut. 

Steel  cross  tees  ha\e  the  same  tab  on  both 
ends  and,  like  'he  aluminum  tees,  they  do  not 
require  tools  for  installation.  The  procedures 
used  in  their  installation  e  the  same  as  those 
just  mentioned  for  aluminum,  A  steel  cross  tee 
assembly  is  shown  in  figure  1 2-14,  The  final  step 


STEEL  CROSS  TEE 
ASSEMBLY 
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Figure  1 2-13,-Atumirtum  crow  tee  werr^fy. 
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Figure  1 2-1 4,— Steel  cross  tee  assembly, 
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after  completion  of  the  grid  system  is  the 
installation  of  the  acoustical  panels. 

Acoustical  Panels 

Panel  installations  is  started  by  laying  in  all 
full  ceiling  panels.  Border  panels  should  be 
installed  last  after  they  have  been  cut  to  proper 
size.  To  cut  the  panel4  turn  the  finish  side  up, 
scribe  with  a  sharp  utility  knife,  and  saw  with  a 
sharp  handsaw  having  1 2  or  14  teeth  per  in. 

The  majority  of  the  ceiling  panel  patterns 
are  random  and  do  not  require  orientation. 
Howeven  some  fissured  panels  are  designed  to 
be  installed  in  a  specific  direction  and  are  so 
marked  on  the  back  with  directional  arrows. 
When  installing  panels  on  a  large  project,  you 
should  work  from  several  cartons.  The  reason 
for  this  is  that  the  color,  pattern,  or  texture 
might  vary  slightly*  and  by  working  from  several 
cartons,  you  avoid  a  noticeable  change  in 
uniformity. 

Since  ceihng  panels  are  prefinished*  handle 
them  with  care.  Keep  their  surfaces  clean  by 
using  talcum  powder  or  corn  mea!  on  your 
hands  or  by  wearing  clean  canvas  gloves.  If 
panels  do  become  soiled*  art  gum  or  a  plastic 
type  wallpaper  can  be  used  to  remove  spots, 
smudges,  and  fingerprints.  Some  panels  can  be 
washed  with  a  light  application  of  a  sponge 
dampened  with  a  mild  detergent  solution. 
However,  before  washing  or  performing  other 
maintenance  services*  such  as  painting,  always 
refer  to  the  manufacturer's  instructions, 

CEILING  TILE 

Ceiling  tile  may  be  installed  in  several  ways, 
depending  on  the  type  of  ceiling  or  roof 
construction.  When  a  flat-surfaced  backing  is 
present,  such  as  between  beams  of  a  beamed 
ceiling  in  a  lowslopc  roof,  the  tiles  are  fastened 
with  adhesive  as  recommended  by  the 
manufacturer,  A  small  spot  of  a  mastic  type  of 
construction  adhesive  at  each  corner  of  a 
1 2-  by  12-m.  tile  is  usually  sufficient.  When  tile 
js  edge-matched,  stapling  is  also  satisfactory. 

Perhaps  the  most  common  method  of 
installing  ceiling  tile  is  with  the  use  of  wood 
strips  nailed  across  the  teiling  joists  or  roof 
trusses.  These  arc  spaced  1 2-in.  onccntcr  A 


nominal  1-  by  3-in.  or  I-  by  4-in.  wood  member 
can  be  used  for  roof  or  ceiling  members  spaced 
not  more  than  24-in.  oncenter.  (See  view  A,  fig, 
12-15.)  A  nominal  2-  by  2-in.  or  2- by  3-in, 
member  should  be  satisfactory  for  truss  or 
ceiling  joist  spacing  of  up  to  48  in. 

In  locating  the  strips,  first  measure  the  width 
of  the  room  (the  distance  parallel  to  the 
direction  of  the  ceiling  joists).  If,  for  example, 
this  is  11  ft  6  in.,  use  lOfull  !2-in.^quare  tiles 
and  a  9-in*-wide  tile  at  each  side  edge.  Thus,  the 
second  wood  strips  from  each  side  are  located  so 
that  they  center  the  first  row  of  tiles,  which  can 
now  be  ripped  to  a  width  of  9  in.  The  last  *ow 
will  also  be  9in.>  but  do  not  rip  these  tiles  unjil 
the  hit  row  is  reached  so  that  they  fit  tightly. 
The  tile  can  be  fitted  and  arranged  the  same  way 
for  the  ends  of  the  room. 

Ceiling  tiles  normally  have  a  tongue  on  two 
adjacent  sides  knd  a  groove  on  the  opposite 
adjacent  sides.  Start  with  the  leading  edge  ahead 
and  to  the  open  side  so  that  they  tan  be  stapled 
to  the  nailing  strips.  A  small  finish  nail  or 
adhesive  should  be  used  at  the  edge  of  the  tiles 
in  the  first  row  against  the  wall.  Stapling  is  done 
at  the  leading  edge  and  the  side  edge  of  each  tile, 
(See  view  B.  fig,  12-15.)  Use  one  staple  at  each 
wood  strip  at  the  leading  edge  and  two  at  the 
open  side  edge.  At  the  opposite  wall,  a  small 
finish  nail  or  adhesive  must  again  be  used  to 
hold  the  tile  in  place. 

Most  ceiling  tile  of  this  type  has  a  factory 
finisht  and  painting  or  finishing  is  not  required 
after  it  is  in  place.  Because  of  this,  do  not  soil 
the  surface  as  it  is  installed. 


INSULATION 

Most  materials  used  in  construction  have 
some  insulating  value.  £ven  air  spaces  between 
studs  resist  the  passage  of  heat.  However  when 
these  stud  spaces  are  fiMed  or  partially  filled 
wilh  a  material  high  in  resistance  to  heat 
transmission,  namely  thermal  insulation,  the 
stud  space  has  many  times  the  insulating  valu* 
of  the  air  alone. 

The  inflow  of  heat  through  outside  walls  and 
roofs  in  hot  weather  or  its  outflow  during  cold 
weather  have  important  effects  upon  the 
comfort  of  the  occupants  of  a  building,  and  the 
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cost  of  providing  either  heating  or  cooling  to 
maintain  temperatures  at  acceptable  limits  for 
occupancy.  During  cold  weather,  high  resistance 
to  heat  flow  also  means  a  saving  in  fueL  While 
the  wood  in  the  walls  provides  good  insulation, 
commercial  insulating  materials  are  usually 
incorporated  into  exposed  walls,  ceilings,  and 
floors  to  increase  the  resistance  to  heat  passage. 
The  use  of  insulation  in  warmer  climates  is 
justified  with  air  conditioning,  not  only  because 
of  reduced  operating  costs  but  also  because  units 
of  smaller  capacity  are  required.  Thus,  weather 
from  the  standpoint  of  thermal  insulation  alone 


in  cold  climates  or  whether  for  the  benefit  of 
reducing  cooling  costs,  the  use  of  2  in.  or  more 
of  insulation  in  the  walls  can  certainly  be 
justified, 

INSULATING  MATERIALS 

Commercial  insulation  is  manufactured  in  a 
variety  of  forms  and  types,  each  with  advantages 
for  specific  uses.  Materials  commonly  used  for 
insulation  may  be  grouped  in  the  following 
general  classes,  (I)  flexible  insulation  (blanket 
and  batt),  (2)  loose-fill  insulation;  (3)  reflective 
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insulation;  (4)  rigid  insulation  (structural  and 
nonstructural);  and  (5)  miscellaneous  types. 

The  insulating  value  of  tlie  wall  will  vary1 
with  different  types  of  construction,  with  the 
different  kinds  of  materials  used  in  construction, 
and  with  the  different  types  and  thicknesses  of 
insulation. 

Air  spaces  add  to  the  total  resistance  of  a 
wall  section  to  heat  transmission,  but  an  air 
space  is  not  as  effective  as  it  would  be  if  it  were 
filled  with  an  insulating  material.  Great 
importance  is  frequently  given  to  dead-air  spaces 
in  speaking  of  a  wall  section.  Actually,  the  air  is 
never  dead  m  cells  where  then;  are  differences  in 
temperature  on  opposite  sides  of  the  space, 
because  the  difference  causes  convection 
currents. 

Flexible  Insulation 

Flexible  insulation  is  manufactured  in  two 
types,  BLANKET  and  BATT  Blanket  insulation 
(view  A.  fig.  12*16)  is  furnished  in  rolls  or 
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Figur*  12- 16. -Types  of  insulation;  A,  Blanket;  B.  Batt; 
C.  Fill;  D,  Reflective  (one  type);  E<  Rigid, 


packages  in  widths  suited  to  16*  and  24-in.  stud 
and  joist  spacing*  Usual  thicknesses  are  1  1(2,  2, 
and  3  in.  The  body  of  the  blanket  is  made  of 
felted  mats  of  mineral  or  vegetable  fibers,  such 
as  rock  or  glass  wool,  wood  fiber*  and  cotton. 
Organic  insulations  are  treated  to  make  them 
resistant  to  fire,  decay,  insects,  and  vermin.  Most 
blanket  insulation  is  covered  with  paper  or  other 
sheet  material  with  tabs  on  the  sides  for 
fastening  to  studs  or  joists.  One  covering  sheet 
serves  as  a  vapor  barrier  to  resist  movement  of 
water  vapor  and  should  always  face  the  warm 
side  of  the  wall  Aluminum  foil  or  asphalt  or 
plastic  laminated  paper  are  commonly  used  as 
barrier  njaterials, 

Batt  insulation  (view  B,  fig.  12-16)  is  also 
made  of  fibrous  material  preformed  to 
thicknesses  of  4  and  6  in,  for  16*  and  24-in,  joist 
spacing.  It  is  supplied  with  or  without  a  vapor 
barrier.  One  friction  type  of  fibrous  glass  batt  is 
supplied  without  a  covering  and  is  designed  to 
remain  in  place  without  the  normal  fastening 
methods 


Laose  Fill  Insulation 


Loose  fill  msulation  (view  (\  fig.  12-16)  is 
usually  composed  of  materials  used  in  bulk 
form,  supplied  in  bag*  or  bales*  and  placed  by 
pouring,  blowing*  or  packing  by  hand.  This 
includes  rock  or  glass  wooL  wood  fibers, 
shredded  redwood  bark,  cork*  wood  pulp 
products*  vermiculite*  sawdust,  and  shavings. 

Fill  insulation  is  suited  for  use  between 
first-floor  ceiling  joists  in  unheated  attics.  It  is 
also  used  in  sidewalks  of  existing  houses  that 
were  not  insulated  during  Construction.  Where 
no  vapor  barrier  was  installed  during 
construction,  surtable  paint  coatings,  as 
described  later  in  this  chapter  should  be  used 
for  vapor  harriers  wnen  blow  insulation  is  added 
to  an  existing  house. 

Reflective  Insulation 

Most  materials  have  the  property  of 
refleUinp  radiant  heat,  and  some  materials  have 


BUILDER  3  &  2 


this  property  to  a  very  high  degree.  Materials 
high  in  reflective  properties  include  aluminum 
foil*  sheet  metal  with  a  tin  coating,  and  paper 
products  coated  with  a  reflective  oxide 
composition.  Such  materials  con  -be  used  in 
enclosed  stud  spaces,  attics,  and  similar  locations 
to  retard  heat  transfer  by  radiation.  Reflective 
insulations  arc  effective  only  where  the 
reflective  surface  faces  air  space  at  least  3/4  in, 
deep.  Where  this  surface  contacts  another 
material  the  reflective  properties  are  lost  and 
the  material  has  little  or  no  insulating  value. 
Reflective  insulations  are  equally  effective 
whether  the  reflective  surface  faces  the  warm  or 
cold  side. 

Reflective  insulation  of  the  foil  type  is 
sometimes  applied  to  blankets  and  to  the 
stud'surface  side  of  gypsum  lath.  Metal  foil 
suitable  mounted  on  some  supporting  base 
makes  an  excellent  vapor  barrier.  The  type  of 
reflective  insulation  shown  in  view  D,  fig.  12-16 
includes  reflective  surfaces  and  air  spaces 
between  the  other  sheets. 

Rigid  Insulation 

Rigid  ;ns^Iation  is  usually  a  fiberboard 
matenal  manufactured  in  sheet  and  other  forms. 
It  is  made  from  processed  wood,  sugarcane,  or 
other  vegetable  products  (See  view  E,  fig. 
1216)  Structural  insulating  boards,  in  densities 
ranging  from  15  to  31  tb  per  cu  ft  are  fabricated 
as  building  boards,  roof  decking,  sheathing,  and 
wallboard.  While  they  have  moderately  gpod 
insulating  properties,  their  pnmary  purpose  is 
structural. 

Roof  insulation  is  nonstructural  and  serves 
mainly  to  provide  thermal  resistance  to  heat 
flow  in  roofs.  It  is  called  "slab"  or  "block" 
insulation  and  is  manufactured  in  rigid  units  1/2 
to  3  in.  Chick  and  usually  2  by  4  ft  in  size. 

In  building  construction,  perhaps  the  most 
common  forms  of  rigid  insulation  are  sheathing 
decorative  covering  in  sheets  or  in  tile 
squares  Sheathing  board  is  made  in  thicknesses 
of  1/2  and  25/32  in.  It  is  coated  or  impregnated 
with  an  asphalt  compound  to  provide  water 
resistance,  Sheets  are  made  in  2  by  8  ft  sizes  for 
horizontal  application  and  4  by  8  ft  or  longer 
for  vertical  application. 


Miscellaneous  Insulation 

Some  insulations  do  not  fit  in  the 
classifications  previously  described,  such  as 
insulation  blankets  made  up  of  multiple  layers 
of  corrugated  paper.  Other  types,  such  as 
lightweight  vermicutite  and  perhte  aggregates, 
are  sometimes  used  in  plaster  ab  a  means  of 
reducing  heat  transmission. 

Other  materials  are  foamed-in~place  in- 
sulations, which  include  sprayed  and  plastic 
foam  types.  Sprayed  insulatiou  is  usually 
inorganic  fibrous  material  blown  against  a  clean 
surface  which  has  been  pnmed  with  an  adhesive 
coating.  It  is  often  left  exposed  for  acoustical  as 
well  as  insulating  properties. 

Expanded  polystyrene  and  urcthane  plastic 
forms  may  be  molded  or  foamed-in-plsce. 
Urethane  insulation  may  also  be  applied  by 
spraying.  Polystyrene  and  urcthane  in  board 
foam  can  be  obtained  in  thicknesses  from  M2  to 
2  in. 

WHERE  TO  INSULATE 

In  most  c!:mates,  all  walls,  ceilings,  roofs, 
and  floors  ti.at  separate  heated  spaces  from 
unhealed  spaces  should  be  insulated  to  reduce 
the  heat  loss  from  the  structure  dunng  cold 
weather.  The  insulation  should  be  placed  on  all 
outside  walls  and  in  the  ceiling.  In  structures 
that  have  unhealed  crawl  spaces,  insulation 
should  be  placed  between  the  floor  joists  or 
around  the  wall  perimeter.  If  a  flexible  :ypc  of 
insulation  (blanket  or  batt)  is  used,  it  should  be 
^well  supported  between  joists  by  slats  and  a 
galvanized  wire  mesh,  or  by  a  rigid  board  with 
the  vapor  barrier  installed  toward  the 
subflooring.  Press-fit  or  friction  insulations  fit 
tightly  between  joists  and  require  only  a  small 
amount  of  support  to  hold  them  in  place. 
Reflective  insulatto.  is  often  used  for  crawl 
spaces >  but  only  dead  air  space  should  be 
assumed  in  calculating  heat  loss  when  the  crawl 
space  is  ventilated.  A  ground  cover  of  roll 
roofing  or  plastic  film,  such  as  polyethylene, 
should  be  placed  on  the  soil  of  crawl  spaces  to 
decrease  the  moisture  content  of  the  space  as 
well  as  of  the  wood  members. 

Insulation  should  be  placed  along  all  walls, 
floors  and  ceilings  that  are  adjacent  to  unhealed 
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areas-  These  include  stairways*  dwirf  (knee) 
walls,  and  dormers  of  1  1/2  story  structures. 
Provisions  should  be  made  for  ventilation  of  the 
unhealed  areas. 

Where  attic  space  isunheated  and  a  stairway 
is  included,  insulation  should  be  used  around  the 
stairway  as  well  as  in  the  first-floor  ceiling.  The 
door  leading  to  the  attic  should  be 
weather-stripped  to  prevent  heat  loss.  Walls 
adjoining  an  unhealed  garage  or  porch  should 
also  be  insulated.  In  structures  with  flat  or 
low-pitched  roofs,  insulation  should  be  used  in 
the  ceiling  area  with  sufficient  space  allowed 
a  bo  ye  for  clear  unobstructed  ventilation 
between  the  joists.  Insulation  should  be  used 
along  the  perimeter  of  houses  built  on  slabs,  A 
vapor  barrier  should  be  included  under  the  slab. 

In  the  summer,  outside  surfaces  exposed  to 
the  direct  rays  of  the  sun  may  attain 
temperatures  of  SO°F  or  more  above  shade 
temperatures  and,  of  course,  tend  to  transfer 
this  heat  toward  bV  inside  of  the  house. 
Insulation  in  the  walls  and  in  attic  areas  retards 
the  flow  of  heat  and,  consequently,  less  heat  is 
transferred  through  such  areas,  resulting  in 
improved  summer  comfort  conditions. 

Where  air-conditioning  systems  are  used, 
insulation  should  be  placed  in  all  exposed 
ceilings  and  walls  in  the  same  manner  as 
insulating  against  cold-weather  heat  loss. 
Shading  of  glass  against  direct  rays  of  the  sun 
and  the  use  of  insulated  glass  will  aid  in  reducing 
the  airconditioning  load. 

Ventilation  of  attic  and  roof  spaces  is  an 
important  adjunct  to  insulation.  Without 
ventilation,  an  attic  space  may  become  very  hot 
'  id  hold  the  heat  for  many  hours.  Ventilation 
methods  suggested  *  for  protection  against 
cold-weather  condensation  apply  equally  well  to 
protection  against  excessive  hot-weather  roof 
temperatures. 

The  use  of  storm  windows  or  insulated  glass 
will  greatly  reduce  heat  loss.  Almost  twice  as 
much  heat  loss  occurs  through  a  single  glass  as 
through  a  window  glazed  with  insulated  glass  or 
protected  by  a  storm  sash.  Furthermore*  double 
glass  will  normally  prevent  surface  condensation 
r  frost  forming  on  inner  glass  surfaces  in 
K  .iier.  When  excessive  condensation -Persists, 
paint  failures  and  decay  of  the  sash  rail  can 
occur, 


HOW  TO  INSULATE 

Blanket  insulation  or  batt  insulation  with  a 
vapor  barrier  should  be  placed  between  framing 
members  so  that  the  tabs  of  the  barrier  lap  the 
edge  of  the  studs  as  well  as  the  top  and  bottom 
plat,  s.  This  method  is  not  often  popular  with 
the  contractor  because  it  £s  more  difficult  to 
apply  the  dry  wall  or  rock  lath  (plaster  base). 
However,  it  assures  a  minimum  amount  of  vapor 
loss  compared  to  the  loss  when  tabs  are  stapled 
to  the  sides  of  the  studs.  To  protect  the  head 
and  soleplatc  as  well  as  the  headers  over 
openings,  it  is  good  practice  to  use  narrow  strips 
of  vapor  barrier  material  along  the  top  and 
bottom  of  the  wall.  (See  view  A,  fig.  12-17,) 
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Figure  12-17,- Application  of  Insulation;  A.  Wall  section 
with  blanket  type;  &Walt  section  with  "press  fit" 
insulation;  C,  Ceiling  with  till  insulation. 
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Ordinarily,  these  areas  are  not  covered  too  well 
by  the  barrier  on  the  blanket  or  batt,  A  hand 
stapler  is  commonly  used  to  fasten  the 
insulation  and  the  barriers  in  place. 

For  insulation  without  a  barrier  {press-fit  or 
friction  type),  a  plastic  film  vapor  barrier,  sucl: 
as  ?mil  polyethylene  is  commonly  used  to 
envelop  the  entire  exposed  wall  and  ceiling  (view 
B,  fig.  12-17).  It  covers  the  openings  as  well  as 
the  window  and  door  headers  and  edge  studs. 
This  system  is  one  of  the  best  from  the 
standpoint  of  resistance  to  vapor  movement 
Furthermore,  it  does  not  have  the  installation 
inconveniences  encountered  when  tabs  of  the 
insulation  are  stalled  over  the  edges  of  the 
studs,  After  the  dry  wall  is  installed  or  plastering 
is  completed,  the  film  is  trimmed  around  the 
window  and  door  openings. 

Reflective  insulation,  in  a  single-sheet  form 
with  two  reflective  surfaces,  should  be  placed  to 
divide  the  space  formed  by  the  framing  members 
into  two  approximately  equal  spaces.  Some 
reflective  insulations  include  air  spaces  and  are 
furnished  with  nailing  tabs.  This  type  is  fastened 
to  the  studs  to  provide  at  least  a  3/4-in.  space  on 
each  side  of  the  reflective  surfaces. 

Fill  insulation  is  commonly  used  in  ceiling 
areas  and  is  poured  or  blown  into  place  (view  C, 
fig.  12-17).  A  vapor  barrier  should  be  used  on 
the  warm  side  (the  bottom,  in  case  of  ceiling 
ioists)  before  insulation  is  placed.  A  leveling 
board  (as  shown  in  view  O  will  give  a  constant 
insulation  thickness.  Thick  batt  insulation  is  also 
used  in  ceiling  areas.  Batt  and  fill  insulation 
might  also  be  combined  to  obtain  the  desired 
thickness  with  the  vapor  barrier  against  the  back 
face  of  the  ceiling  finish.  Ceiling  insulation  6  or 
more  in*  thick  greatly  reduces  heat  loss  in 
the  winter  and  also  provides  summertime  pro- 
tection. 

Areas  over  door  and  window  fraities  and 
along  side  and  head  jambs  also  require 
insulation.  Because  these  areas  are  filled  with 
small  sections  of  insulation,  a  vapor  barrier  must 
be  used  around  the  opening  as  well  as  over  the 
header  above  the  openings.  (See  view  A,  fig. 
12-18.)  Enveloping  the  entire  wall  eliminates  the 
need  for  this  type  of  vapor-barrier  installation, 
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Figure  12-18*— Precautions  in  insulating.  A.  Around 
openings,  B.  Joist  *pace  in  outside  walls. 

In  I  1/2-  and  2-story  structures  ^nd  in 
basements,  the  area  at  the  joist  header  at  the 
outside  walls  should  be  insulated  and  protected 
with  a  vapor  barrier,  as  shown  in  view  Bt  fig. 
12-18. 

Insulation  should  be  placed  behind  electrical 
outlet  boxes  and  other  utility  connections  in 
exposed  walls  to  minimize  condensation  on  cold 
surfaces. 
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VAPOR  BARRIERS 

Most  building  materials  are  penneable  -to 
water  vapor.  This  presents  problems  because 
considerable  water  vapor  is  generated  in  a  house 
from  cooking,  dishwashing,  laundering,  bathing, 
humidifiers,  and  other  sources,  In  cold  climates 
during  cold  eath  en  this  vapor  may  pass 
through  wall  and  ceiling  materials  and  condense 
in  the  wall  or  attic  space;  subsequently,  in  severe 
cases,  it  may  damage  the  exterior  paint  and 
t  interior  finish,  or  even  result  in  decay  in 
structural  members,  For  protection,  a  material 
highly  resistive  to  vapor  transmission,  called  a 
VAPOR  BARRIER,  should  be  used  on  the  warm 
side  of  a  wall  or  below  the  insulation  in  an  attic 
space. 

Among  the  effective  vapor-barrier  materials 
are  asphalt  laminated  papers,  aluminum  foil,  and 
plastic  films.  Most  blanket  and  batt  insulations 
are  provided  with  a  vapor  barrier  on  one  side 
and  some  ot  them  with  paper-backed  aluminum 
foil*  Foil-backed  gypsum  lath  or  gypsum  boards 
are  also  available  and  serve  as  excellent  vapor 
barriers 

Some  types  of  flexible  blanket  and  batt 
insulations  have  i  barrier  material  on  one  side. 
Such  flexible  insulations  should  be  attached 
with  the  tabs  at  their  sides  fastened  on  the  inside 
(narrow)  edges  of  the  studs,  and  the  blanket 
should  be  cut  long  enough  so  that  the  cover 
sheet  can  iap  over  the  face  of  the  soleplate  at 
the  bottom  and  over  the  plate  at  the  top  of  the 
stud  space  However,  such  a  method  of 
attachment  is  not  the  ,;omon  practict  of  most 
installer  When  a  positive  seal  is  desired, 
wa.  heigiit  rolls  of  plastic-film  vapor  barriers 
should  be  applied  over  studs,  plates,  and  window 
and  door  headers  This  system,  called 
"enveloping"  is  ired  ov*r  insulation  having  no 
vapor  bamer  or  to  ir>ure  excellent  protection 
when  used  over  any  type  of  insulation.  The 
tamer  snouki  be  fitted  tightly  around  outlet 
boxes  and  sealed  if  necessary,  A  ribbon  of 
sealing  compound  around  an  outlet  or  switch 
box  will  minimize  vapor  !o^s  at  this  area. 
Cold-air  returns  in  outside  waiJs  should  consist 
of  metal  ducts  to  prevent  vapor  loss  and 
subsequent  paint  prohlems.  Pain*  coatings 
can -lot  be  considered  a  substitute  for  the 
membrane  types  of  vapor  barrers,  but  they  do 


provide  some  protection  for  houses  where  other 
types  of  vapor  barriers  were  not  installed  during 
Construction, 

Of  the  various  types  of  paint,  one  coat  of 
ALUMINUM  PRIMER  followed  by  two 
decorative  coats  of  FLAT  WALL  or  LEAD  AND 
OIL  paint  is  quite  effective.  For  rough  plaster  or 
for  buildings  in  very  cold  climates,  two  coats  of 
the  aluminum  primer  may  be  necessaryL  A 
primer  and  sealer  of  the  pigmented  type, 
followed  by  decorative  finish  coats  or  two  coats 
of  rubber-base  paint,  are  also  effective  in 
retarding  vapor  transmission 

VENTILATION 

Condensation  of  moisture  vapor  may  occur 
in  attic  spaves  and  under  fiat  roofs  during  cold 
weather.  Even  where  vapor  barriers  are  used, 
some  vapor  will  probably  work  into  these  spaces 
around  pipes  and  other  inadequately  protected 
areas  and  some  through  the  vapor  barrier  itself. 
Although  the  amount  might  be  unimportant  if 
equally  distributed,  it  may  be  sufficiently 
concentrated  in  some  Cold  spot  to  cause 
damage,  While  wood  hingle  and  wood  shake 
roofs  do  not  assist  vapor  movement,  such 
roofings  as  asphalt  shingles  and  built-up  roofs 
arc  highly  resistant.  The  most  practical  method 
of  amoving  the  moisture  is  by  adequately 
ventilating  the  roof  spaces. 

A  warm  attic  that  is  inadequately  ventilated 
and  insulated  may  cause  formation  of  IC  E  DAMS 
at  the  cornice*  During  cold  weather  after  a  heavy 
snowfall,  heat  causes  the  snow  next  to  the  roof 
to  melt.  Water  running  iown  the  ioof  freezes  on 
the  colder  surface  of  the  ornice*  often  forming 
an  ice  dam  at  the  gutter  which  may  cause  water 
to  back  up  at  the  eaves  and  into  the  wall  and 
ceiling.  Similar  dams  often  form  in  roof  valleys, 
Ventilation  thus  provides  part  of  the  answer  to 
the  problems.  With  a  well-insulated  ceiling  ard 
adequate  ventilation,  attic  temperatures  are  low 
and  melting  of  snow  over  the  a, tic  space  will  be 
greatly  reduced. 

In  hot  weather  ventilation  of  attic  and  roof 
spaces  offers  an  effective  means  of  removing  hot 
air  and  thereby  materially  lowering  the 
temperature  in  these  spaces.  Insulation  should 
he  used  between  ceiling  joists  below  the  attic  or 
roof  space  to  further  retard  heat  flow  into  the 
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rooms  below  and  mattrn.ll>  improve  comfort 
conditions. 

It  is  common  pra^tic^  to  install  Jouvered 
openings  m  the  end  walls  of  gable  roofs  for 
ventilation.  Air  movement  through  bULh 
openings  depends  primaniy  on  wind  direction 
and  velocity  and  no  appreciable  movement  can 
be  expected  when  there  is  no  wind  or  unless  one 
or  more  openings  t^c  the  wind.  More  positive 
air  movement  can  be  obtained  bv  providing 
openings  in  the  soffit  area:,  of  the  roof  oyerhafig 
in  addition  to  opmings  at  the  gable  ends  or 
ridge.  Hip-roof  houses  are  best  ventilated  bv 
inlet  ventilators  irf  the  soffit  area  and  b>  outlet 
ventilators  along  the  ridge.  The  differences  in 
temperature  between  the  attic  and  the  outsi ! 
will  then  crea;e  an  air  movement  independent  of 
the  wind,  anJ  also  a  more  positive  movement 
wiien  there  is  v/ind+ 

*Vhere  the,  e  is  a  crawl  space  under  the  house 
or  porch*  ventilation  is  necessary  to  remove  the 
moisture  vapor  rising  from  the  soil.  Such  vapor 
ma>  otherwise  condense  on  the  wood  below  the 
floor  and  facilitate  decay.  A  permanent  vapor 


barrier  on  the  soil  of  the  .raw  I  space  greatly 
reduces  the  amount  of  ventilating  area  required. 

Tight  construction  (including  stom  window 
and  storm  doors)  and  the  use  of  humidifiers 
have  created  potential  moisture  problems  which 
must  be  resolved  through  planning  of  adequate 
ventilation  as  well  as  the  proper  use  of  vapor 
barriers.  Blocking  of  ventilating  are1**,  fur 
example,  must  be  avoided  as  such  practices  will 
prevent  ventilation  of  attic  spaces.  Inadequate 
ventilatior  will  often  lead  to  moisture  problems 
whith  can  insult  in  unnecessary  costs  to  correct. 

Various  s*yles  of  gable-end  ventilators  are 
available  and  ready  for  installation.  Many 
made  with  metal  louvers  and  frames,  while 
others  may  be  made  of  wood  to  tit  the  house 
design  more  closely*  Howevtr*  the  most 
important  factors  are  to  have  sufficient  net 
ventilating  area  and  to  locate  ventilatc  rs  as  close 
to  the  ndge  as  possible  withouJ  affecting  house 
appearance. 

One  of  the  type*  commonlj  used  tits  the 
*iope  of  the  roof  and  is  located  near  the  ndge+ 
(See  view  A.  fig,  12-19.)  It  can  be  made  of  wood 
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F*9ure  12  19.*  (Xrftt  ventilator*,  A*  Triangular,  8.  Typical  crow  section,  C  H*lf<ttde,  O-  Square,  E+  Vertical, 
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or  metal,  in  netal  it  is  often  adjustable  to 
conform  to  the  roof  slope.  A  wood  ventilator  of 
this  type  is  enclosed  in  a  frame  and  placed  in  the 
rough  opening  much  a*  a  window  frame  (view  B, 
fig-  12-19).  Other  forms  of  gabk-eiu!  ventilators 
which  might  he  used  are  shown  in  views  O  D, 
and  F,  fig-  P.-W 

A  system  of  attic  ventilation  which  can  be 
used  on  structuies  with  a  wide  roof  overhang  at 
the  gable  end  consists  of  a  series  of  small  vents 
or  j  continuous  slot  located  on  the  underside  of 
the  soffit  areas.  iS^e  view  F,  fig.  t2-19.)  Several 
large  openings  located  near  the  ndge  might  also 
be  used.  This  syst  -m  is  especially  desirable  on 
low- pitched  r^ofs  where  standard  wail 
ventilators  may  not  be  suitable. 

Small,  well-distributed  ventilators  or 
continuous  it  of  >  m  the  sot  fit  provide  mlc* 
ventilation,  These  small  inuvered  and  screened 
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Figure  12-20, -Inlet  ventilators.   A.  Small  mwrt  iron- 
tilator;  B,  Sfot  ventilator. 


vents  can  be  obtained  in  most  lumberyards  or 
hardware  stores  and  are  simple  to  install, 

Only  small  sections  need  to  be  cut  out  of  the 
soffit;  these  can  be  sawed  out  before  the  soffit  is 
applied.  It  is  more  desirable  to  use  a  number  of 
smaller  well-distributed  ventilators  than  several 
large  ones.  Any  blocking  which  might  be 
required  between  rafters  at  the  wall  line  should 
be  installed  to  provide  an  airway  into  the  attic 
area. 

A  continuous  screened  slot*  which  is  often 
desirable,  should  be  located  near  the  outer  edge 
of  the  soffit  near  the  fasiea.  (Sec  fig.  12-20.) 
Locating  the  slot  m  this  area  will  minimize  the 
chance  of  snow  entering.  This  type  may  also  be 
u*ed  on  the  extens'on  of  flat  roofs. 


STAIRS 

"iherc  arc  man>  different  kinds  of  stairs,  but 
all  have  two  mam  parts  in  common"  the 
TRLADS  people  walk  on,  and  the  STRINGERS 
<aiso  called  STRINGS.  HORSES,  and  CAR- 
RIAGES) which  support  the  treads.  A  very 
simple  type  of  stairway,  consisting  only  of 
stringers  and  treads,  is  shown  in  the  left-hand 
view  of  figure  12-21.  Treads  of  the  type  shown 
are  called  PLANK  treads,  and  this  simple  type  of 
stairway  is  cJIed  a  CLP  AT  stairway,  because  of 
the  cleats  attached  to  the  stringers  to  support 
the  treads. 

\  more  finished  Sype  of  stairway  has  the 
treads  mounted  on  two  or  more  sawtooth-edged 
stringers  and  includes  RISERS,  as  shown  in  the 
right-hand  view  of  figure  12*21*  The  stringers 
shown  are  cut  out  of  solid  pieces  of  dimensional 
lumber  (usually  2  by  12),  and  are  therefore 
called  (  in OUT  or  SAWED  stringers. 


STAIRWAY  LAYOUT 


The  nr\r  step  m  irway  layout  is  to 
determine  the  UNIT  RISB  and  UNIT  RUN 
shown  in  figure  12-2!.  The  unit  rise  h  calculate  d 
on  the-  laws  of  the  TOTAL  RISE  of  the 
stairway,  and   the   f;iet   that  the  customary 
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FINISH  FLOOf?  LINE 
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Figure  12-21 . -Stairway  nomenclature 


permissible  unit  rise  for  stairs  is  in  the  vicinity  of 
7  in. 

The  total  rise  is  the  vertical  distance  between 
the  lower  finish'floor  level  and  the  upper 
fimsh'floor  level.  This  may  be  shown  in  the 
elevations,  however,  since  the  actual  vertical 
distance  as  constructed  may  vary  slightly  from 
what  it  should  have  been,  and  since  it  is  the 
actual  distance  you  are  dealing  with,  the 
distance  should  be  measured. 

At  the  tinu  that  stain  are  to  be  laid  out, 
only  the  subflooring  is  laid.  If  both  the  lower* 
and  the  upper  floors  are  to  be  covered  with 
finish  flooring  of  the  same  thickness,  the 
measured  vertical  distance   from  the  lower 


subfloor  surface  to  the  upper  subfloor  surface 
w.il  be  the  same  as  the  eventual  distance 
between  the  finish  floor  ourfaees,  and  therefore 
equal  to  the  total  rise  of  the  stairway.  But  if  you 
are  meaounng  up  from  a  finish  floor,  such  as  a 
concrete  basement  floor,  then  you  must  add  to 
the  measured  distance  th<*  thickness  of  the  upper 
finish  flooring  to  get  ihe  total  rise  of  tite 
stairway.  If  the  upper  and  lower  finish  floors 
will  be  of  different  thicknesses,  then  you  must 
add  the  difference  in  thickness  to  the  measured 
distance  between  subfloor  surfaces  to  get  the 
rise  of  the  stairway.  To  measure  the  \ertical 
distance*  use  a  straight  piece  of  lumber  pljmoed 
in  the  stair  opening  with  a  spirit  levei  or «  plumb 
bob  and  cord. 
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Figure  12-22, -Stairway  'ayout  computation*. 


Assume  that  th**  total  ri<:e  measures 
8  ft  1 1  wls  as  shown  in  figure  1 2-22.  Knowing 
this,  you  can  determine  the  unit  rise  as  follows. 
Firsts  reduce  the  total  rise  to  inches-in  this  case 
it  comes  to  107  in.  Next,  divide  the  total  rise  in 
inches  by  the  av?"age  permissible  unit  rise, 
which  is  7  in.  The  result,  disregarding  any 
fraction*  is  the  number  of  RISERS  the  stairway 
will  have-in  this  case,  107/7  or  15.  Now  divide 
the  total  rise  in  inches  bv  the  numiier  of 


risers-in  this  case,  107/15,  or  nearly  7  1/8  in. 
This  is  the  unit  rise  as  shown  in  figure  12-22, 

The  unit  run  is  calculated  on  the  basis  of  the 
unit  rise  and  a  general  architects  rule  that  the 
sum  of  the  'unit  run  and  unit  rise  should  be 
17  1/2  in.  Then,  by  this  rule,  the  unit  runjs 
17  1/2  in.  minus  1  1/8  in,  or  10  3/8  in. 

You  can  now  calculate  "he  TOTAL  RUN  of 
the  stairway.  The  total  run  is  obviously  equal  to 
the  product  of  the  unit  run  times  the  total 
number  of  treads  in  the  stairway.  However,  the 
total  number  of  treads  depends  upon  the 
manner  in  which  the  upper  end  of  the  stairway 
will  be  anchored  to  the  header, 

in  figure  J2-23,  three  methods  of  anchoring 
the  upper  end  of  a  stairway  are  shown.  In  the 
first  view,  there  is  a  complete  tread  at  the  top  of 
the  stairway.  This  mean;  that  the  number  of 
complete  treads  is  the  same  as  the  number  of 
risers.  For  the  stairway  shown  in  figure  12-21, 
there  are  15  risers  aid  15  complete  treads. 
Therefore,  the  total  run  of  the  stairway  is  equal 
to  the  unit  run  times  15,  or  12  ft  1 1  5/8  in,,  as 
shown, 

in  figure  1203,  second  view,  there  arc  only 
parts  of  a  tread  at  the  top  of  the  stairway.  If  this 
method  were  used  for  the  stairway  shown  in 
figure  12-22,  the  number  of  complete  treads 
would  be  ONE  LESS  than  the  number  of  risers, 
or  14,  The  total  run  of  the  stairway  would  be 


Figure  12-23  — Thr*$  method*  of  anchoring  upper  end  of  a  stsirvroY. 
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the  product  of  14  by  IC3/8,  PLUS  THE  RUN 
OF  THE  PARTIAL  ThEAD  AT  THE  TOP. 
Where  this  run  is  7  inches,  for  ex<tmple,  the  total 
run  equals  152  1/4  in.,  or  12  ft  8  1/4  in. 

In  figure  12-23,  third  view,  there  is  no  tread 
at  all  at  the  top  of  the  stairway,  the  upper  finish 
flooring  serve*  as  the  top  tread.  In  this  case,  the 
total  number  of  complete  treads  :s  again  14,  but 
since  ihere  is  no  additional  partial  tread,  the 
total  run  of  the  stairway  is  I*  times  10  3/8,  or 
145.1/4  in,  or  12  ft  1  1/4  in. 

When  you  have  calculated  the  total  run  of 
the  stairway,  drop  a  plumb  bob  from  the  well 
head  to  the  floor  bel(  w  and  measure  off  the 
total  run  from  the  plumb  bob.  This  locates  the 
anchoring  point  for  the  lower  end  of  the 
stairway. 

Cutout  stringers  k  r  num  stairways  are 
usually  trunk  from  2  by  12  stock.  The  first 
question  is,  Abou?  hew  long  a  piece  of  stock 
will  you  need?  Assume  that  >ou  are  to  use  the 
method  of  upper-end  anchorage  shown  in  the 
first  new  of  figure  1 2-23  to  lay  out  a  stringer  for 
the  stairway  shewn   in  figure   3  2-22,  This 


stairway  has  a  total  rise  of  8  ft  1 1  in,  and  a  total 
run  of  12  ft  11  5/8  in.  The  stringer  must  be  long 
enough  to  form  the  hypotenuse  of  a  triangle 
with  sides  of  those  two  lengths.  For  an 
approximate  length  estimate,  call  the  sides  9  and 
13  ft  long.  The  length  of  the  hypotenuse,  then, 
will  equal  the  square  root  of  92  +  132,  or  the 
square  root  of  250,  or  about  15,8  ft,  or  about 
15  ft  9  1/2  in. 

Figure  12-24  shows  the  layout  at  the  lower 
end  of  the  stringer.  Set  the  framing  square  to  the 
unit  run  on  the  tongue  and  the  unit  ';se  on  the 
blade,  and  draw  the  line  AB.  This  line  represents 
the  bottom  tread  Then  draw  AD  perpendicular 
to  ABS  in  length  equal  to  the  unit  rise. 

This  line  represents  the  bottom  riser  in  the 
stairway.  Now,  you  have  probably  noticed  that, 
up  to  this  point,  i  *e  thickness  of  a  tread  in  the 
stairway  has  been  ignored.  This  thickness  is  now 
about  to  be  accounted  for,  by  making  an 
allowance  in  the  height  of  this  first  riser,  a 
process  which  is  called  DROPPING  THE 
STRINGER. 

As  you  can  see  in  figure  12-21,  the  unit  rise 
is  measured  from  the  top  of  one  tread  to  the  top 


Th-C^ss  £F  TREAD  Qft  THiCf^tSS  Of  TFEaC 

u;ss  r^icKNE^s  or  *in>;h  floor 


Figure  12*24,— Layout  of  {oworer*ti  <rf  cutout  strino*r 
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of  the  next  for  ALL  RISERS  EXCEPT  THE 
BOTTOM  ONE.  For  this  one,  the  unit  rise  is 
measured  FROM  THE  FINISHED  FLOOR 
SURFACE  TO  THE  SURFACE  OF  THE  FIRST 
TREAD,  IT  AD  were  cut  to  the  unit  me,  the 
actual  rise  of  the  firs*  step  would  be  the  sum  of 
the  unit  rise  plus  the  thickness  of  a  tread. 
Therefore,  the  length  of  AD  is  shortened  by  the 
thickness  of  a  tread,  as  shown  in  figure  1 2-24  or 
by  the  thickness  of  a  tread  less  the  thickness  of 
tht  finish  flooring.  The  first  is  done  if  the 
stringei  will  rest  on  a  finish  floor,  such  as  a 
concrete  basement  floor.  The  Second  is  dorif*  if 
the  stringer  will  rest  on  siibflooring. 

When  you  have  shortened  AD  to  AE,  draw 
EF  parallel  to  AB.  This  line  represents  the 
bottom  horizontal  anchor-edge  of  the  stringer. 
Then  proceed  to  lay  off  the  remaining  risers  and 
treads  to  the  unit  rise  and  unit  run,  until  you 
have  laid  off  15  risers  and  15  treads.  Figure 
12-25  shows  the  layout  at  the  upper  end  of  the 
stringer.  The  line  AB  represents  the  top*  that  is, 
the  15th  tread.  BC,  drawn  perpendiculrj  to  AB, 
represents  the  upper  vertical-anchor  edge  of  the 
stringer,  which  will  butt  agaiist  the  stainvell 
'  eader. 


STAIRWAY  CONSTRUCTION 


We  have  been  dealing  with  a  common 
STRAIGHT-FLIGHT  stairway,  meaning  one 
whscli  follows  Hie  same  -Jirecuon  throughout. 


{ /  / 
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Figure  12-25.— Layout  at  upper  end  of  cutout  stringer. 


When  floor  space  is  not  extensive  enough  to 
permit  construction  of  a  straight-flight  stairway, 
a  CHANGE  stairway  is  installed-meaning,  one 
which  changes  direction  one  or  more  times,  The 
most  common  types  of  these  are  a9CMDEGREE 
change  and  a  18G-DEGREE  change.  These  are 
usually  PLATFORM  stainvays-that  is, 
successive  straight-flight  lengths,  connecting 
platforms  at  which  the  direction  changes  90 
degrees  or  doubles  back  ISO  degrees.  Such  a 
stairway  is  laid  out  simply  as  a  succession  of 
straight- flight  stairways. 

The  stair?  in  a  structure  are  broadly  divided 
into  PRINCIPAL  stairs  and  SERVICE  stairs. 
Service  stairs  are  porch,  basement,  and  attic 
stairs.  Some  of  these  may  be  simple  cleat 
stairways;  others  may  be  OPEN-RISER 
stairways.  An  open-riser  stairway  has  treads 
anchored  on  cut-out  stringers  or  stair-block 
stringers,  but  no  risers.  The  lower  ends  of  the 
stringers  on  porch*  basement,  and  other  stairs 
anchored  on  concrete  are  fastened  with  a 
KICK-PLATE  like  the  one  shown  in  figure 
12*26. 

A  pnncipa1  stairway  is  usually  more  finished 
in  appearance.  Rough  cutout  stringers  are 
concealed  by  FINISH  stringers  like  the  one 
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Figure  12-26,-KickPia*8  for  anchoring  stairs  to  concrete* 
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Figure  12-27.-Finiah  stringer. 


shown  in  figure  12-27.  Treads  and  risers  are 
often  rabbet-joined,  as  shown  in  figure  1 2-28. 
To  prevent  squeaking,  triangular  blocks  ma>  be 
glued  into  the  joints,  as  shown  in  the  same 
figure. 

The  vertical  members  which  support  a 
stairway  handrail  are  called  BALUSTERS- 
Figure  1 2-29  shows  a  method  of  joining 
balusters  to  treads.  For  this  method,  dowels 
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Figure  12  28. -Rabbet- jointed  treart  and  riteri. 
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Figure  12-29.-One  method  of  joining  a  baluster  to  the 
tread, 

shaped  on  the  lower  ends  of  the  balusters  are 
^lued  into  holes  bored  in  the  treads. 

Stringers  should  be  toenailed  to  well  headers 
with  tenpenny  nails,  three  to  each  side  of  the 
stringer.  Those  which  face  against  trimmer  joists 
should  be  nailec  to  the  joist  with  at  least  three 
sixteenpenn>  n;ils  apiece.  At  the  bottom,  a 
stringer  should  bo  tc  nailed  with  tenpenny  nails, 
four  to  each  side,  driven  into  the  subflooring 
and  if  possible  into  a  joist  below. 

Treads  and  risers  should  be  nailed  to 
stringers  witli  sixpenny*  eightptnny,  or 
tenpenny  finish  nails,  depending  on  the 
thickness  of  the  stock 

FLOOR  COVERINGS 

Numerous  flooring  materials  now  available 
may  be  used  over  a  variety  of  floor  systems* 
Eacli  has  a  property  that  adapts  it  to  a  particular 
usage.  Of  the  practical  properties,  perhaps 
di  rability  and  ease  of  maintenance  are  the  most 
important*  However,  initial  cost*  comfort,  and 
beauty  or  appearance  must  also  be  considered. 
Specific  service  requirements  may  call  for  special 
properties,  such  as  resistance  to  hard  wear  in 
warehouses  and  on  loading  platforms,  or 
comfort  to  users  in  offices  and  shops. 

There  is  a  wide  selection  of  wood  materials 
that  nay  be  used  for  flooring.  Hardwoods  and 
softwoods  afe  available  as  strip  flooring  in  a 
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variety  of  widths  and  thicknesses  and  a,s 
random-width  planks  and  block  flooring*  Other 
materials  include  linoleum,  asphalt,  rubber, 
cork,  vin>l,  and  other  material*  m  tile  or  sheet 
forms  Tile  flooring  is  also  available  m  a 
particleboard  which  is  manufactured  with  small 
wood  particles  combined  with  rebin  and 
fabricated  under  high  prebbure.  Ceramic  tile  and 
carpeting  are  used  m  many  areas  in  ways  not 
thought  practical  a  few  years  ago.  Plastic  floor 
coverings  used  over  concrete  or  a  stable  wood 
subfloor  are  another  variation  in  the  type*  of 
finishes  available 

WOOD-STRIP  FLOORING 

Softwood  finish  flooring  cobtb  less  than  most 
hardwood  species  and  h  otten  u^ed  to  good 
advantage  m  bedroom  and  closet  areas  where 
traffic  is  light,  it  might  also  be  selected  to  fit  the 
interior   decor,   it   is   less  dense   than  the 


hardwoods,  less  wear-resistant,  and  shows 
surface  abrasions  more  readily.  Softwoods  most 
commonly  used  for  flooring  are  southern  pine, 
Douglas- fir,  redwood,  and  western  hemlock. 

Softwood  flooring  has  tongued-and-grooved 
euges  and  may  be  hollow-backed  or  grooved. 
Some  types  are  also  end-matched.  Vertical-grain 
flooring  generally  has  better  wearing  qualities 
than  flat-grain  flooring  under  hard  usage. 

Hardwoods  most  commonly  used  for 
flooring  are  red  and  white  oak,  beech,  birch, 
maple,  and  pecan,  which  can  be  prefinished  or 
unfinished. 

J^rhaps  the  most  widely  used  flooring  is 
macV  of  25/32  by  2  1/4  in,  strips.  These  strips 
are  laid  lengthwise  in  a  room  and  normally  at 
right  angles  to  the  floor  joists,  A  subfloor  of 
diagonal  boards  or  plywood  is  normally  used 
under  the  finish  floor.  The  strips  are 
tongued-and-grooved  and  end-matched,  (See  fig, 
12-30,)  Strips  are  random  length  and  may  vary 
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Figure  12-30,-Tvpei  of  *t'tp  flooring.  A*  S ide- an d-en d-mat ched- 25/32  in..  6.  Thm  flooring  strips  -matched;  C.  Thin 

flooring  strip*— square -ftdgs. 
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from  2  to  16  ft  or  more.  End-matched  strip 
flooring  is  25/32  in,  thickness  and  is  generally 
hollow  backed,  as  shown  in  view  A,  fig,  12-30. 
The  top  is  slightly  wider  than  the  bottom  so 
that  tight  joints  result  when  Poonng  is  laid.  The 
tongue  fits  tightly  into  the  groove  to  prevent 
movement  and  floor  "squeaks," 

Another  flooring  is  made  of  3/8*  by  2-in. 
strips,  as  shown  in  fig,  12-30,  This  flooring  is 
commonly  used  for  remodeling  work  or  when 
the  subfloor  is  edge-blocked  or  thick  enout  to 
provide  very  little  deflection  under  load*. 

Square-edged  strip  flooring  as  shown  in  view 
C,  fig,  12-30  is  also  used  occasionally.  The  strips 
are  usually  3/8  by  2  in,  and  laid  over  a 
substantial  subfloor.  Face-nailing  is  required. 

Wood-block  flooring(fig.  12-31)  is  made  in  a 
number  of  patterns.  Blocks  may  vary  m  size 
from  4  by  4  in,  to  9  by  9  in,  and  larger. 
Thickness  varies  by  type  from  25/32  in,  for 
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Figure   12*31,~Wood  block  flooring.    A,  Tongued- 
and-groov&d;  B  Square-edgad— iplfned, 


laminated  blocking  or  plywood  block  tile  to 
1/8  in,  for  stabilized  veneer,  SoLi  wood  tile  is 
often  made  up  of  narrow  strips  of  wood  splined 
ke>ed  together  in  a  number  of  wa>s.  Edges  of 
the  thicker  tile  are  tongued  and  grooved,  but 
thinner  sections  of  wood  are  usually 
square-edged.  Plywood  blocks  may  be  3/8  in, 
and  thicker  and  are  usually  longucand-grooved. 
Many  block  floors  are  factory- finished  and 
require  ont>  waxing  after  installation.  While 
stabilized  veneer  squares  are  still  in  the 
uevelopment  stage,  it  is  like)}  that  research  will 
produce  a  low-cost  wood  tile  which  can  even 
compete  with  some  of  the  cheaper  nonwood 
resilient  tile  now  available, 

Installation  of 
Wood-Strip  Flooring 

Flooring  should  be  iaid  after  plastering  or 
other  interior  >vall  and  ceiling  finish  is 
completed  and  dried  out,  windows  and  exterior 
doors  are  in  place*  and  most  of  the  interior  trim, 
except  base,  casing*  and  jambs,  are  installed  to 
prevent  damage  by  wetting  or  by  construction 
activity. 

Board  subfloors  should  be  clean  and  level 
and  ;overed  with  a  deadening  felt  or  heavy 
building  papei.  This  felt  or  paper  will  stop  a 
certain  amount  of  dust*  will  somewhat  deaden 
sound,  and,  where  a  crawl  space  is  used,  will 
increase  the  warmth  of  the  floor  by  preventing 
air  infiltration.  To  provide  nailing  into  the  joists 
wherever  possible,  location  of  the  joists  should 
be  chalklined  on  the  paper  as  a  guide,  Piywood 
subfloor  do  not  normally  require  building 
paper. 

Strip  flooring  should  normally  be  laid 
crosswise  to  the  floor  joists  as  shown  in  view  A, 
fig.  12*32,  In  conventional  structures,  the  floor 
joists  span  the  width  of  the  building  over  a 
center  supporting  beam  or  wall.  Thus,  the  finish 
flooring  of  the  entire  floor  area  of  a  rectangular 
structure  will  be  Iaid  in  the  same  ducction. 
Flooring  with  "L"  or  **T"  shaped  plans  will 
usually  have  a  direction  change  at  the  wings, 
depending  on  joist  direction.  As  joists  usually 
span  the  short  way  in  a  living  room,  the  flooring 
will  be  laid  lengthwise  to  the  room.  This  is 
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Figure  12-32 —Application  of  strip  flooring:  A,  General 
application;  B,  Starting  ftrif. 


desirable  appearance- wise  and  also  will  reduce 
shrinkage  and  swelling  effects  on  the  flooring 
during  seasonal  changes 

Flooring  should  be  delivered  only  during  dry 
weather  and  stored  in  the  warmest  and  driest 
place  available  in  the  buildings.  Moisture 
absorbed  after  delivery  to  the  building  site  is  the 
most  common  cause  of  open  joints  between 
flooring  strips  that  appear  after  several  months 
of  the  heating  season. 

Floor  squeaks  are  usually  caused  by 
movement  of  one  board  against  another.  Such 
movement  may  occur  because:  (1)  floor  joists 
are  too  light>  causing  excessive  deflection;  {2) 
sleepers  over  concrete  slabs  are  not  held  down 
tightly;  (3)  tongues  are  loose  fitting;  or  (4) 
nailing  is  poor.  Adequate  nailing  is  an  important 
means  of  minimizing  squeaks,  and  another  is  to 
apply  the  finish  floors  only  after  the  joists  have 
dried  to  12  percent  moisture  content  or  less.  A 
much  better  job  results  when  it  is  possible  to 
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nail  the  finish  Hoor  through  the  subfioor  into 
the  joists  than  if  the  finish  floor  is  nailed  ONLY 
to  the  subfioor. 

Various  types  of  nails  art  used  in  nailing 
different  thicknesses  of  flooring.  In  using  then, 
it  is  well  to  check  with  the  floor  manufacturers 
recommendations  as  to  size  and  diameter  for 
specific  uses.  Flooring  brads  ire  also  available 
with  blunted  points  to  prevent  splitting  of  the 
tongue. 

View  B,  fig.  12-32  shows  the  method  of 
nailing  the  first  strip  of  flooring  placed  1/2  to 
5/8  in.  away  from  the  wall.  The  space  is  to  allow 
for  expansion  of  the  flooring  when  moisture 
content  increases.  The  nail  is  driven  straight 
down,  through  the  board  at  the  groove  edge. 
The  nails  should  be  driven  into  the  joist  and  near 
enough  to  the  edge  so  that  they  will  be  covered 
by  the  base  or  shoe  molding.  The  first  strip  of 
flooring  can  also  be  nailed  through  the  tongue. 
(See  view  A,  fig.  12-33.)  The  figure  shows  in 
detail  how  nails  should  be  driven  into  the  tongue 
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Figure  12-33.— Nailing  of  flooiJng:  A*  Nail  angle;  B. 
Damage  ftom  hammt  \ 
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Figure  12  34, -Basement  floor  details  for  existing  con 
st  ruction, 

of  the  flooring  at  an  angle  of  45°  to  50°,  The 
nail  should  be  driven  quite  flush  so  as  to 
prevent  damaging  the  edge  by  the  hammerhead 
as  shown  in  view  B,  Tig.  12-33.  The  nail  ^an  be 
set  with  a  nail  set  or  larger  nail. 

v  ^  prevent  splitting  the  flooring,  it  is 
sometimes  desirable  to  predrill  through  the 
tongue,  especially  at  the  ends  of  the  strip.  For 
the  second  course  of  flooring  from  the  wall, 
select  pieces  so  that  the  butt  joints  will  be  well 
separated  from  those  in  the  first  course.  Under 
normal  conditions,  each  board  should  be  driven 
up  tightly  against  the  previous  boar4  Crooked 
pieces  may  require  wedging  to  fort;e  them  into 
ahnement  or  may  be  cut  and  used  at  the  ends  of 
the  course  or  in  closets.  In  completing  the 
flooring,  a  1/2-  to  5/8-in.  space  is  provided 
between  the  wall  and  the  last  flooring  strip. 
Because  of  the  closeness  of  the  wall  this  strip  is 
usually  face-nailed  so  that  the  base  or  shoe 
covers  the  set  nailheads. 

Installation  of  Wood 
Flooring  Over  Concrete  Slabs 

One  of  the  important  facrors  in  satisfactory 
performance  is  the  use  of  a  good  vapor  barrier 
under  the  slab  to  re^i^t  the  movement  of  ground 
iiioisture  and  vapor.  The  vapor  barrier  is  placed 


under  the  slab  during  construction.  However,  an 
alternate   method   must  be  used  when  the . 
concrete  is  already  in  place.  (See  fig.  12-34,) 

\nother  system  of  preparing  a  base  for 
wood  flooring  when  there  is  no  vapor  barrier 
under  the  slab  is  shown  in  figure  12-35,  To  Tesist 
decay,  treated  I-  by  4-in.  furring  strips  are 
anchored  to  the  existing  slab*  shimming  when 
necessary  to  provide  a  level  base.  Strips  should 
be  spaced  no  more  than  16-in.  oncenter.  A  good 
waterproof  or  water-vapor  resistant  coating  on 
the  concrete  before  the  treated  strips  are  applied 
is  usually  recommended  to  aid  in  reducing 
moisture  movement.  A  vapor  barrier*  such  as  a 
4-mil  polyethylene  or  similar  membrane,  is  then 
laid  over  the  anchored  1-  by  4-in.  wood  strips 
and  a  second  set  of  1  by  4*s  nailed  to  the  first. 
Use  1  l/2-in*-long  nails  spaced  12  to  16  in.  apart 
in  a  staggered  pattern.  The  moisture  content  of 
these  second  members  should  be  about  the  same 
as  thaf  of  the  strip  flooring  to  be  applied.  Strip 
flooring  can  then  be  installed  us  previously 
described. 

When  other  types  of  finish  floor,  such  as  a 
resilient  tile,  are  used  pljwood  is  placed  over 
the  1  by  4's  as  a  base. 
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Figure  12  35.-&a«  for  wood  flooring  on  concrete  slab 
(without  an  underlying  vapor  barrier). 
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WOOD  AND  PARTICLEBOARD 
TILE  FLOORING 

Wood  and  particleboard  tile  are,  for  the 
most  part,  applied  with  adhesive  on  a  plywood 
or  similar  base.  The  exception  is  25/32-in.  wood 
block  floor,  which  has  tongues  on  two  edges  and 
grooves  on  the  other  two  edges.  If  the  base  is 
wood,  these  tiles  are  commonly  nailed  through 
the  tongue  into  the  subfloor.  However,  wood 
block  may  be  applied  on  concrete  slabs  with  an 
adhesive.  Wood  block  flooring  is  installed  by 
changing  the  grain  direction  of  alternate  blocks. 
This  minimizes  the  effects  of  shrinking  and 
swelling  of  the  wood. 

One  type  of  wood  floor  tile  is  made  up  of  a 
number  of  narrow  slats  to  form  4-by4-in. 
squares  or  larger  squares.  Four  or  more  of  these 
squares*  with  alternating  grain  direction,  form  a 
block.  Slats,  squares,  and  blocks  are  held 
together  with  an  easily  removed  membrane. 
Adhesive  is  spread  on  the  concrete  slab  or 
underlayment  with  a  notched  trowel  and  the 
blocks  installed  immediately.  The  membrane  is 
then  removed  and  the  blocks  tamped  in  place 
for  full  adhesive  contact. 

TYPES  6F\ 
RESILIENT  FLOORING 

In  Navy  construction,  wood-strip  flooring 
has  been  largely  replaced  by  various  types  of 
RESILIENT  flooringi  most  of  which  are  applied 
in  the  form  of  6-  by  6-,  9-  by  9-,  or  12-  by  12-in. 
squares  called  TILES.  The  types  most  frequently 
used  are  LINOLEUM,  ASPHALT,  VINYL 
CORK,  and  RUBBER. 

Linoleum 

Linoleum  may  be  obtained  in  various 
thicknesses  and  grades,  usually  in  6-ft  or  wider 
rolls.  It  should  not  be  laid  on  concrete  cUbs  on 
the  ground.  Manufacturer's  directions  should  be 
followed.  After  the  linoleum  is  laid,  it  is  usually 
rolled  to  insure  complete  adhesion  to  the  floor. 

Asphalt  Tile 

Asphalt  tile  is  one  of  the  lower  cost  resilient 
coverings  and  may  he  laid  on  z  concrete  slab 


which  is  in  contact  with  the  ground.  However, 
the  vapor  barrier  under  the  slab  is  still  necessary. 
Asphalt  tile  is  about  1/8  m.  thick  and  usually 
9  by  9  in.  or  12  by  1 2  in.  in  size.  Because  most 
types  are  damaged  by  grease  and  oil,  it  is  not 
used  in  kitchens. 

Asphalt  tile  is  ordinarily  installed  with  an 
adhesive  spread  with  a  notched  trowel.  Both  the 
type  of  adhesive  and  size  of  notches  are  usually 
recommended  by  the  manufacturer. 

Other  Tile  Forms 

Viny ,  vinyl  asbestos,  rubber,  corki  and 
similar  coverings  are  manufactured  in  tile  form, 
and  several  types  are  available  for  installation  in 
6-ft  or  wider  rolls.  These  materials  arc  usually 
laid  over  some  type  of  underlayment  an^  not 
directly  on  a  concrete  slab.  Standard  tile  size  is 
9  by  9  in,  but  it  may  also  be  obtained  in 
12- by  12-in.  size  and  laigen  Decorative  strips 
may  be  used  to  outline  or  to  accent  the  room's 
perimeter. 

In  installing  all  types  of  square  or 
rectangular  tile,  it  is  important  that  the  joints  do 
not  coincide  with  the  joints  of  the 
underlayment.  For  this  reason,  it  is 
recommended  that  a  layout  be  made  before  tile 
is  laid.  Normally,  the  manufacturer's  directions 
include  laying  out  a  baseline  at  or  near  the 
center  of  the  room  and  parallel  to  its  length.  The 
center  or  near  center  depending  on  how  the  tile 
will  Finish  at  the  edges,  is  used  as  a  starting 
point.  This  might  also  be  used  as  a  point  in 
quartering  the  room  with  a  second  guideline  at 
exact  right  angles  to  the  first.  Thv  tile  is  then 
laid  in  quarter-room  sections  after  the  adhesive 
is  spread. 

Seamless 

A  liquid-applied  seamless  flooring,  consisting 
of  resin  chips  combined  with  aurcthane  binder, 
is  a  relatively  new  development  in  floor 
coverings.  It  is  applied  in  a  2-day  cycle  and  can 
be  used  over  a  concrete  base  or  a  plywood 
subfloor.  Plywood  in  new  construction  should 
be  at  least  a  C-C  plugged  exterior  grade  in  5/8-in. 
thickness,  or  3/8-in.  plywood  over  existing 
floors.  This  type  of  floor  covering  can  be  easily 
renewed. 
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INSTALLATION  OF 
RESILIENT  TILE 

Most  producers  of  resilient  tile  provide 
detailed  instructions  regarding  installation.  This 
covers  the  underlayment*  adhesives,  and  other 
requirements.  However,  most  resilient  tiles  are 
applied  in  much  the  same  way. 

The  underlayment  may'be  plywood  which 
serves  both  as  a  subfioor  and  an  underlayment 
for  the  tile.  A  subfioor  of  wood  boards  requires 
an  underlayment  of  .plywood,  hardboard,  or 
particleboard.  Nails  should  be  driven  flush  with 
the  surface,  cracks  and  joints  filled  and  sanded 
smooth',  and  the  surface  thoroughly  cleaned. 

Next,  a  center  baseline  should  be  marked  on 
the  subfioor  in  each  direction  of  the  room,  as 
shown  in  view  A,  fig.  12-36.  Centerlines  should 
be  exactly  90°  (a  right  angle)  with  each  other. 
This  can  be  assured  by  using  a  3:4:5-foot 
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Figure  12*36* -Installing  resilient  tile*  A,  Center  baseline. 
B,  Order  of  laying  tile. 


measurement  along  two  sides  and  the  diagonal. 
In  a  large  room,  a  6:8: 10-foot  measuring 
combination  can  be  used. 

Now,  spread  the  adhesive  with  a  serrated 
trowel  (both  as  recommended  by  the 
manufacturer)  over  one  of  the  quarter-sections 
outlined  by  the  centerlines.  Waiting  (drying) 
time  should  conform  to  the  directions  for  the 
adhesive. 

Starting  at  one  inside  corner,  lay  the  first  tile 
exactly  in  line  with  the  marked  centerlines.  The 
second  tile  can  be  laid  adjacent  to  the  first  on 
one  side,  as  shown  in  viev.  B,  fig.  12*36.  The 
third  tile  is  laid  adjacent  to  the  first  at  the  other 
centerline  on  the  other  side  of  the  quarter 
section.  Thus,  in  checkerboard  fashion,  the 
entire  section  can  be  covered.  The  remaining 
three  sections  can  be  covered  in  the  same  way. 
Some  tile  requires  only  pressing  in  place;  ethers 
should  be  rolled  after  installation  for  better 
adherence. 

Trie  edge  tiles  around  the  perimeter  of  the 
room  must  be  trimmed  to  fit  the  edge  of  the 
wall.  A  clearance  of  1/8  to  1/4  in.  should  be 
allowed  at  all  sides  for  expansion.  This  edge  is 
covered  with  a  cove  base  of  the  same  resilient 
material  or  with  a  standard  wood  base.  Wood 
base  is  usually  lower  >n  cost  than  the  resilient 
cove  base,  but  installation  costs  are  somewhat 
greater. 

CARPETING 

Carpeting  is  gaining  popularity  as  a  floor 
covering.  However,  its  cost  may  be  much  higher 
and  its  life  may  be  much  less  than  that  of  a 
finished  wood  floor;  but  still,  the  advantages  of 
carpeting  in  absorbing  sound  impact  should  be 
considered.  Especially  in  structures  where 
reduction  of  impact  noise  is  important.  Where 
carpeting  is  used,  the  subfioor  may  consist  of 
5/8-in,  plywood  sheets  applied  over  joists  that 
are  16-in.  oncenter.  The  top  face  of  the  plywood 
should  be  C  plugged  grade  or  better.  Mastic 
adhesives  may  be  used  in  applying  the  plywood 
sheets  to  the  floor  joists.  Plywood, 
particieboard,  or  other  underlayments  may  serve 
as  a  base  where  carpeting  is  installed  over  a 
subfioor. 
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DOORS 

Doors,  and  their  frames  are  millwork  items 
that  are  usually  fully  assembled  at  the  factory. 
Standard  combination  storms  and  screens  or 
separate  units  may  also  be  included.  Door 
frames  are  normally  assembled  and  ready  for  use 
in  the  building.  All  wood  components  are 
treated  with  a  water-repellent  preservative  at  the 
factory  to  provide  protection  before  and  after 
they  are  placed  in  the  walls. 

Interior  trim,  doorframes,  and  doors  are 
normally  installed  after  the  finish  floor  is  in 
place*  Cabinets,  built-in  bookcases  and  fireplace 
mantels,  and  other  millwork  units  are  also 
placed  and  secured  at  this  time. 

Exterior  doors  are  usually  I  3/4  in,  thick 
and  not  less  than  mS  ft  8  in.  high.  The  main 
entrance  door  is  3  ft  wide,  and  the  side  or  rear 
door  is  normally  2  ft  8  in.  wide. 

The  frames  for  these  doors  are  made  of 
1  1/8  in.  or  thicker  material,  so  that  rabbeting  of 
side  and  head  jambs  provides  stops  for 
the  main  door,  (See  view  B,  fig,  12-37.)  The 
wood  sill  is  often  oak  for  wear  resistance, 
but  when  softer  species  are  used,  a  metal 
nosing  and  wear  strips  are  included.  As  in 
many  of  the  window  units,  the  outside  casings 
provide  space  for  the  I  l/8-in.  combination  or 
screen  door. 

The  frame  is  nailed  to  studs  and  headers  of 
the  rough  opening  through  the  outside  casing. 
The  sill  must  rest  firmly  on  the  header  or 
stringer  joist  of  the  floor  framing,  which 
commonly  must  be  trimmed  with  a  saw,  hand  ax 
or  other  means.  After  the  finish  flooring  is  in 
place,  a  hardwood  or  metal  threshold  with  a 
plastic  weatherstop  covers  the  joints  between 
the  floor  and  sill. 

The  exterior  trim  around  the  main  entrance 
door  can  vary  from  a  simple  casing  to  a  molded 
or  plain  pilaster  with  a  decorative  head  casing. 
Decorative  designs  should  always  be  in  keeping 
with  the  architecture  of  the  house.  Many 
combinations  of  door  and  entry  designs  are  used 
with  contemporary  houses,  and  manufacturers 
have  millwork  which  is  adaptable  to  this  and 
similar  styles.  If  there  is  an  entry  hall,  it  is 
usually  desirable  to  have  glass  included  in  the 
main  door  if  no  other  light  is  provided. 


Rough  openings  in  the  stud  walls  for  interior 
doors  are  usually  framed  out  to  be  3  in.  more 
than  the  door  height  and  2  1/2  in.  more  than  the 
door  width.  This  provides  for  the  frame  and  its 
plumbing  and  leveling  in  the  opening.  Interior 
doorframes  are  made  up  of  two  side  JAMBS,  a 
head  jamb,  and  the  stop  moldings  upon  which 
the  door  closes.  The  most  common  of  these 
jambs  is  the  one-piece  type  (view  A,  fig.  12-38). 
Jambs  may  be  obtained  in  standard  5  1/4-in. 
widths  for  plaster  walls  and  4  5/8-in,  widths  for 
walls  with  1/2-in.  dry-wall  finish.  The  two-  and 
three-piece  adjustable  jambs  are  also  standard 
types  (views  B  and  C,  fig.  12-38).  Their  principal 
advantage  is  in  being  adaptable  to  a  variety  of 
walffihicknesses. 

S  om  e  m  a  n  u  facturers  produce  interior 
doorframes  with  the  door  fitted  and  prehung, 
ready  for  installing.  Application  of  the  casing 
completes  the  job.  When  used  with  two-  or 
three-piece  jambs,  casings  can  even  be  installed 
at  the  factory. 

Common  minimum  widths  for  single  interior 
doors  are:  (1)  bedrooms  and  other  habitable 
rooms,  2  ft  6  in.;  (2)  bathrooms,  2  ft  4  in.;  and 
(3)  small  closets  and  linen  closets,  2  ft.  These 
sizes  vary  a  great  deal,  and  sliding  doors,  folding 
door  units,  and  similar  types  are  often  used  for 
wardrobes  and  niay  be  6  ft  or  more  m  width. 
However,  in  most  cases,  the  jamb  stop,  and 
casing  parts  are  used  in  some  manner  to  frame 
and  finish  the  opening. 

Standard  interior  and  exterior  door  heights 
are  6  ft  8  in.  for  first  floors,  but  6-ft  6-in.  doors 
are  sometimes  used  on  the  upper  floors. 

CASING 

CASING  is  the  edge  trim  around  interior 
door  openings  and  is  also  used  to  finish  the 
room  side  of  windows  and  exterior  door  frames. 
Casing  usually  varies  in  width  from  2  1/4  to 
3  1/2  in.,  depending  on  the  style.  Casing  may  be 
obtained  in  thicknesses  from  1/2  to  3/4  in., 
although  1 1/16  in.  is  standard  in  many  of  the 
narrow-line  patterns.  Two  common  patterns  are 
shown  in  views  D  and  E,  fig,  12-38. 
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Figure  12  37.  -Extertordoor  and  frame.  Extorter  door  and  combination  door  {screen  and  storm)  crow  faction* .  A-  Head 

jamb;  B.  Side  jamb;  C.  Sill. 
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EXTERIOR  DOORS 

Exterior  doors,  outside  combinations,  and 
storm  doors  may  be  obtained  in  a  number  of 
designs  to  fit  the  style  of  almost  any  bouse. 
Doors  in  the  traditional  pattern  are  usually  the 
PANEL  TYPE  (view  A,  fig.  1 2-3  9). 

They  consist  of  STILES  (solid  vertical 
members),  RAILS  (soiid  cross  members),  and 
FILLER  PANELS  in  a  number  of  designs. 
Glazed  upper  panels  are  combined  with  raised 
wood  or  plywood  lower  panels. 

Exterior  (lush  doors  should  be  of  the 
solid-core  type  rather  than  hollow-core  to 
minimize  warping  during  the  heating  season. 
(Warping  is  caused  by  a  difference  in  moisture 
content  on  the  exposed  and  unexposed  faces.) 

Flush  doors  consist  of  thin  plywood  faces 
over  a  framework  of  wood  with  a  woodblock  or 
particle  board    core.  Many  combinations  of 


designs  can  be  obtained,  ranging  from  plain  flush 
doors  to  others  that  have  a  variety  of  panels  and 
glazed  openings  (view  B,  fig.  12-39)* 

Wood  combination  doors  (storm  and  screen) 
are  available  in  several  styles  (view  C,  fig.  12-39). 
Panels  which  include  screen  and  storm  inserts 
are  normally  located  in  the  upper  portion  of  the 
door.  Some  types  can  be  obtained  with 
self-storing  features,  similar  to  window 
combination  units.  Heat  loss  through  metal 
combination  doors  is  greater  than  through 
similar  type  wood  doors. 

Weatherstripping  of  the  I  3/4-in.-thick 
exterior  door  will  reduce  both  air  infiltration 
and  frosting  of  the  glass  on  the  storm  door 
during  cold  weather. 

INTERIOR  DOORS 

As  "n  exterior  door  stvf^s,  the  two  general 
interior  types  arc  the  flusfc    id  the  panel  door. 
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Novelty  doors,  such  as  the  folding  door  unit, 
might  be  flush  or  louvered.  Most  standard 
interior  doors  are  1  3/8  in,  thick. 

The  flush  interior  door  is  usually  made  up 
with  a  hollow  core  of  light  framework  of  some 
type  with  thin  plywood  or  hardboard  (view  A, 
fig,  12-40),  Plywood-faced  flush  doors  may  be 
obtained  in  gum,  birch,  oak,  mahogany,  and 
woods  of  other  species,  most  of  which  are 
suitable  for  natural  finish,  Nonselected  grades 
are  usually  painted  as  are  hardboard-faced  doors. 

The  panel-  door  consists  of  solid  STILES 
(vertical  side  members),  RAILS  (cross  pieces), 
and  PANEL  FILTERS  of  various  types.  The 
five-cross  panel  and  the  Colonial-type  .panel 
doors  are  perhaps  the  most  common  of  this  style 
(view  B  and  Q  fig.  12-40).  The  louvered  door 
(view  D,  fig.  12-40)  is  also  popular  and  is 
commonly  used  for  closets  because  it  provides 
some  ventilation.  Large  openings  for  wardrobes 
are  finished  with  sliding  or  folding  doors^  or 
with  flush  or  louvered  doors  (view  E.  fig,  12-40), 
Such  doors  are  usually  1  1/8  in,  thick. 


ABC 


0  E 
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Figure  1240.— Interior  doors:  A.  Flush;  B*  Panel  (five* 
cross);  C*  Panel  (colonial!;  D*  Louvered;  E,  Folding 
(louvered). 


12-34 


Chapter  12-1NTERI0R  FINISH 


Hinged  doors  should  open  or  swing  in  the 
direction  of  natural  entry,  against  a  blank  wall 
whenever  possible,  and  should  not  be  obstructed 
by  other  swinging  doors.  Doors  should  NEVER 
be  hinged  to  swing  into  a  hallway. 


DOORFRAME 
AND  TRIM 
INSTALLATION 


When  the  frame  and  doors  are  not  assembled 
and  prefitted,  the  side  jambs  should  be 
fabricated  by  nailing  through  the  notch  into  the 
head  jamb  with  three  sevenpenny  or  eightpenny 


coated  nails.  {See  view  A,  fig.  12-38.)  The 
assembled  frames  are  then  fastened  in  the  rough 
openings  by  shingle  wedges  used  between  the 
side  jamb  and  the  stud  (view  A,  fig.  12-41).  One 
jamb  is  plumbed  and  leveled  using  four  or  five 
sets  of  shingle  wedges  for  the  height  of  the 
frame.  Two  eightf  .nny  finishing  nails  are  used 
at  each  wedged  area*  one  driven  so  that  the 
doorstop  will  cover  it.  The  opposite  side  jamb  is 
now  fastened  in  place  with  shingle  wedges  and 
finishing  nails,  using  the  first  jamb  as  a  guide  in 
keeping  a  uniform  width. 

Casings  are  nailed  to  both  the  jamb  and  the 
framing  studs  or  header,  allowing  about  a 
3/16-in.  edge  distance  from  the  face  of  the  jamb. 
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Figure  12-41, —Doorframe  and  trim:  A.  fnttalla;iOn;  B.  Miter  joint  for  casing;  C.  Butt  joint  for  eating. 
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Finish  or  casing  nails  in  sixpenny  or  sevenpenny 
sizes,  depending  on  the  thickness  of  the  casing, 
are  used  to  nail  into  the  stud.  Fourpcnny  or 
ftvepenny  finishing  nails  or  1  1/2~in.  brads  are 
used  to  fasten  the  thinner  edge  of  the  casing  to 
the  jamb.  In  'hardwood,  it  js  usually  advisable  to 
predrill  to  prevent  splitting.  Nails  in  the  casing 
are  located  in  pairs  and  spaced  about  16in^ 
apart  along  the  full  height  of  *he  opening  and  at 
the  head  jamb. 

Casing  with  any  form  of  molded  shape  must 
have  a  rm.ered  joint  at  the  corners.  (See  view  B, 
fig.  12-41.)  When  casing  is  square-edged,  a  butt 
joint  may  be  made  at  the  junction  of  the  side 
and  head  casing  (view  C,  fig.  12-41).  If  the 
moisture  content  of  the  casing  material  is  high,  a 
mitered  joint  may  open  slightly  at  the  outer 
edge  as  the  materia]  dries.  This  can  be  minimized 
by  using  a  small  glued  spline  at  the  corner  of  the 
mitered  joint.  Actually,  use  of  a  spluie  joint 
under  any  moisture  condition  is  considered  good 
practice,  and  some  prefitted  jamb,  door,  and 
casing  units  are  provided  with  splincd  joints. 
Nailing  into  the  joint  after  drilling  will  aid  in 
retaining  a  close  fit, 

The  door  opening  is  now  complete  except 
for  fitting  and  securing  the  hardware  and  nailing 
the  stops  in  proper  position.  Interior  doors  are 
"normally  hung  with  two  3  1/2-  by  3  1/2-in. 
loose-pin  butt  hinges.  The  door  is  fitted  into  the 
opening  with  the  clearances  shown  in  figure 
U42.  The  clearance  and  location  of  hinges, 
Idcjc  set,  and  doorknob  may  vary  somewhat,  but 
they  are  generally  accepted  by  craftsmen  and 
Conform  to  most  mill  work  standards.  The  edge 
of  the  lock  stile  should  be  beveled  slightly  to 
permit  the  door  to  clear  the  jamb  when  swung 
open.  If  the  door  is  to  swing  across  heavy 
carpeting,  the  bottom  clearance  may  be  slightly 
more. 

Thresholds  are  used  under  exterior  doors  to 
close  the  space  allowed  for  clearance.  Weather 
strips  around  exterior  door  openings  are  ^ery 
effective  in  reducing  air  infiltration. 

In  fitting  doors,  the  stops  are  usually 
temporarily  nailed  in  place  until  the  door  has 
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Figure  12-42.-Door  clearance. 


been  hung.  Stops  for  doors  in  single-piece  jambs 
are  generally  7/16  in.  thick  and  may  be  3/4  to 
2  t/4  in.  wide.  They  are  installed  with  a  mitered 
joint  at  the  junction  of  the  side  and  head  jambs, 
A  45°  bevel  cut  at  the  bottom  of  the  stop,  about 
1  to  1  1/2  in-  above  the  finish  floor,  will 
eliminate  a  dirt  pocket  and  make  cleaning  or 
refinishing  of  the  floor  easier  (view  A,  fig, 
1241). 

Some  manufacturers  supply  prefitted  door 
jambs  and  doors  with  the  hinge  slots  routed  and 
ready  for  installation.  A  similar  door  buck 
(jamb)  of  sheet  metal  with  formed  stops  and 
casing  is  also  available. 
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INSTALLATION 
OF  DOOR 
HARDWARE 


Hardware  for  doors  may  be  obtained  in  a 
number  of  finishes,  with  brass,  bronze,  and 
nickel  perhaps  the  most  common.  Door  sets  are 
usually  classified  as;  (1)  entry  lock  for  exterior 
doors;  (2)  bathroom  set  (inside  lock  control 
with  safety  slot  for  opening  from,  the  outside); 
(3)  bedroom  lock  (keyed  lock);  and  (4)  passage 
set  (without  lock). 

Doors  should  be  hinged  so  that  they  open  in 
the  direction  of  natural  entry.  They  should  also 
swing  against  a  blank  wall  whenever  possible  and 
never  into  a  hallway.  The  door  swing  directions 
and  sizes  are  usually  shown  on  the  working 
drawings. 

The  "hand  of  the  door"  is  the  expression 
used  to  describe  the  direction  in  which  a  door  is 
to  swing  and  the  side  from  which  it  is  to 
hang. 


Stand  outside  the  door.  If  the  hinges  are  on 
your  right,  it  is  a  right-hand  door;  if  it  is  on  your 
left,  it  is  a  left-hand  door.  Should  the  door  swing 
away  from  you,  it  is  considered  to  be  a  regular 
door;  if  it  swings  toward  you,  it  is  considered  to 
be  a  reverse  door,  (See  fig,  1 2-43,) 

When  ordering  hardware  for  a  door*  be  sure 
to  specify  whether  it  is  a  left-hand  door*  a 
right-hand  door*  a  left-hand  reverse  door*  or  a 
right-hand  reverse  door. 


Hinges 

Using  three  hinges  for  hanging  1  3/4*in, 
exterior  doors  and  two  hinges  for  the  lighter 
interior  doors  is  common  practice.  There  is  some 
tendency  for  exterior  doors  to  warp  during  the 
winter  because  of  the  difference  in  exposure  on 
the  opposite  sides.  The  three  hinges  reduce  this 
tendency.  Three  hinges  are  also  useful  on  doors 
that  lead  to  unhealed  attics  and  for  wider  and 
heavier  doors  that  may  be  used  within  the 
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Figure  12-43, —Hand*  of  door*.  Face  outiide  of  door  when  making  determination, 
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house.  If  a  third  hinge  is  required,  center  it 
between  the  top  and  bottom  hinges. 

Loose-pin  butt  hinges  should  be  used  and 
must  be  of  the  proper  size  for  the  door  they 
support.  For  I  3/4-in.-thick  doors,  use 
4-  by  4-in,-butts;  for  I  3/8-in.  doors,  3  1/2- 
by  3  l/2-in.-butts.  After  the  door  is  fitted 
to  the  framed  opening,  with  the  proper 
clearances,  hinge  halves  are  fitted  to  the  door. 
They  are  routed  into  the  door  edge  with  about  a 
3/16-in.  back  distance.  (See  view  A,  fig.  12-44.) 
One  hinge  half  should  be  set  flush  with  the 
surface  and  must  be  fastened  square  with  the 
edge  of  the  door.  Screws  are  included  with  each 
pair  of  hinges. 

The  door  is  now  placed  in  the  opening  and 
blocked  up  at  the  bottom  for  proper  clearance. 
The  jamb  is  marked  at  the  hinge  locations,  and 
the  remaining  hinge  half  is  routed  and  fastened 
in  place.  The  door  is  then  positioned  in  the 


opening  and  the  pins  slipped  in  place.  If  hinges 
have  been  installed  correctly  and  the  jambs  are 
plumb,  the  door  will  swing  freely. 

Locks 

Types  ot  door  locks  differ  with  regard  to 
installation,  cost,  and  the  amount  of  labor 
required  to  set  them.  Some  types,  such  as 
mortise  loi-ks,  combination  deadbolt,  and  latch 
lock  sets  require  drilling  of  the  edge  and  fa^e  of 
the  door  and  then  routing  of  the  edge  to 
accommodate  the  lock  set  and  faceplate  (view  B, 
fig.  12-44).  A  bored  lock  set  (view  C,  fig.  12-44) 
is  easy  to  install  since  it  requires  only  one  hole 
drilled  in  the  edge  and  one  in  the  face  of  the 
door.  Boring  jigs  and  faceplate  markers  are 
available  to  insure  accurate  installation. 

The  lock  should  be  installed  so  that  the 
doorknob  is  36  to  38  in.  above  the  fioorline. 
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Figure  12*44*^lnstallation  of  door  hardware:  A.  Hinge;  B.  Mortiie  lock;  C.  &ored  lock  jet* 
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Figure  12-45. -Part*  of  a  cylinder  lock. 

Most  sets  come  with  paper  templates  marking 
the  location  of  the  lock  and  size  of  the  kolas  to 
be  drilled. 

The  parses  of  an  ordinary  cylinder  lock  for  a 
dooi  are  shown  in  figure  12-45.  The  procedure 
for  installing  a  lock  of  this  type  is  as  follows: 

L  Open  the  door  to  a  convenient  working 
position  and  check  it  in  place  with  wedges  under 
the  bottom  near  the  outer  edge. 


2.  Measure  up  36  in.  from  the  floor  (the 
usual  knob  height),  and  square  a  line  across  the 
face  and  edge  of  the  lock  stile. 

3.  Place  the  template  that  is  usually 
supplied  with  a  cylinder  lock  on  the  face  of  the 
door  at  proper  height  and  alinement  with  layout 
lines  and  mark  the  centers  of  holes  to  be  drilled. 
(Sec  fig.  1  2^6.) 

4.  Drill  the  holes  through  the  face  of  the 
door  and  then  the  one  through  the  edge  to 
receive  the  latch  bolt.  It  should  be  slightly 
deeper,  than  the  length  of  the  bolt. 

5.  Cut  a  gain  for  the  latch-bolt  mounting 
plate,  and  install  the  latch  unit. 

6.  Install  the  interior  and  exterior  knobs. 

7.  Find  the  position  of  the  strike  plate  and 
install  it  in  the  jamb. 

Strike  Plates 

The  strike  plate,  which  is  routed  into  the 
door  jamb,  holds  the  door  in  place  by  contact 
with  the  latch-  To  install,  mark  the  location  of 
the  latch  on  the  door  jamb  and  locate  the  strike 
plate  in  this  way.  Rout  out  the  marked  outline 
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Figure  1246,-One  type  of  template. 
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with  a  chisel  and  also  rout  for  latch  (view  A,  fig. 
12-47),  The  strike  plate  should  be  flush  with  or 
slightly  below  the  face  of  the  door  jamb.  When 
the  door  is  latched,  its  face  should  be  flush  with 
the  edge  of  the  jamb. 

Doorstops 

The  stops  which  have  been  set  temporarily 
during  the  fitting  of  the  door  and  the  hardware 
may  now  be  nailed  in  place  permanently.  Finish 
nails  or  brads,  1  1/2  in.  long,  should  be  used. 
The  stop  at  \he  lock  side  should  be  nailed  first, 
setting  it  tight  against  the  door  face  when  the 
door  is  latched.  Space  the  nails  16  in.  apart  in 
pairs. 


The  stop  behind  the  hinge  side  is  nailed 
next,  and  a  1/32-in.  clearance  from  the  door 
fa^e  should  be  allowed  to  prevent  scraping  a*>  the 
door  i&  opened.  The  head-jamb  stop  is  then 
nailed  in  place.  Remember  that  when  the  door 
and  trim  are  painted,  some  of  the  clearance  will 
be  taken  up. 

COMMERCIAL/INDUSTRIAL 
HARDWARE 

The  items  of  commercial/industrial  hardware 
shown  in  figures  12-48  through  12-52  are 
usual!}  installed  in  office  buildings,  not  family 
housing.  These  items  are  used  where  apolicable, 
in  new  construction  or  alteration,  and  repairs  of 
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Fiyurs  12*47.— Door  details:  A.  Installation  of  strike  plate;  8.  Location  of  stops. 
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Figure  12-48.— Hardware  reinforcement. 
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Figure  12-50.— Door  stops. 
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Figure  12<49.-Door  clovers. 


Figure  12-51,— Exit  device*. 
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PUSH  AND  PULL  PLATES 

13X538 

Figure  1 2-52.— Puih  and  pull  plates  and  bars, 

existing  facilities.  Many  of  these  items  are  made 
of  metal  for  use  in  or  on  metal  doors,  whereas 
others  are  made  of  wood  to  fit  the  door  design 
more  closely. 


WINDOWS 

Windows  are  used  mainly  to  allow  entry  of 
light  and  air,  but  may  also  be  an  important  part 
of  the  architectural  design  of  a  building, 
Windows  and  their  frames  are  millwork  units 
that  are  usually  fully  assembled  at  the  factory  , 
ready  for  use  in  buildings.  These  units  often 
have  the  sash  fitted  and  wcatherstripped,  frame 
assembled,  and  exterior  casing  in  place.  Standard 
combination  storms  and  screens  or  separate 
units  can  also  be  included.  Wood  components 
are  treated  with  a  water-repellent  preservative  at 
the  factory  to  provide  protection  before  and 
after  they  are  placed  in  the  walls, 

TYPES  OF  WINDOWS 

Windows  are  available  in  many  t>pes,  each 
having  advantages.  The  principal  types  are 
double-hung,  casement,  stationary,  awning,  and 
horizontal  sliding.  They  may  be  made  of  wood 
or  metal.  Heat  loss  through  metal  frames  and 
sash  is  much  greater  than  through  similar  wood 
units.  Glass  blocks  are  sometimes  used  for 
admitting  light  in  places  where  transparent  or 
ventilation  is  not  required. 


Insulated  glass,  used  both  for  stationary  and 
moveable  sash,  consists  of  two  or  more  sheets  of 
spaced  glass  with  hermetically -sealed  edges.  It 
resists  heat  loss  more  than  a  single  thickness  of 
glass  and  is  often  used  without  a  storm  sash* 

Window  frames  and  sash  should  be  made 
from  a  clear  grade  of  all-heartwood  stock  of  a 
decay -resist ant  wood  or  from  wood  which  is 
given  a  preservative  treatment.  Examples  include 
pine,  cedar,  cypress,  redwood,  and  spruce, 

Double-Hung  Windows 

The  double-hung  window  is  perhaps  the 
mosl  familiar  window  type.  It  consists  of  an 
upper  and  lower  sash  that  slide  vertically  in 
separate  grooves  in  the  side  jambs  or  in 
full-width  metal  weatherstripptng  (fig,  12-53). 
This  t>pe  of  window  provides  a  maximum  face 
opcnuig  for  ventilation  of  one-half  the  total 
window  area.  Each  sash  is  provided  with  springs, 
balances,  or  COMPRESSION  WEATHER- 
STRIPPING  to  hold  it  in  place  in  any  location. 
Compression  weatherst ripping,  for  example, 
prevents  air  infiltration,  provides  tension,  and 
acts  as  a  counterbalance,  several  types  allow  the 
sash  to  be  removed  for  easy  painting  or  repair. 

The  JAMBS  (sides  and  to*  of  the  frames)  are 
made  of  nominal  I  -in*  lumber,  the  width 
piovides  for  use  with  dry  wall  or  plastered 
interior  finish.  Sills  are  made  from  nominal  2-tn, 
lumber  and  sloped  at  about  3  inches  in  12  inches 
for  good  drainage.  Wooden  sash  is  normally 
I  3/8  in,  thk.k  and  wood  combination  storm  and 
screen  windows  are  usually  1  1/8  in*  thick. 
Figure  12-54  shows  an  assembled  window  stool 
and  apron. 

Sash  may  be  divided  into  a  number  of  lights 
by  small  wood  members  called  MUNTINS,  Some 
manufacturers  provide  preassembled  dividers 
vrhLh  snap  in  place  over  a  single  light,  dividing  it 
inO  six  or  eight  lights.  This  simplifies  painting 
and  other  maintenance* 

Assembled  frames  are  placed  in  the  rough 
opening  over  strips  of  building  paper  put  around 
the  perimeter  to  minimize  air  infiltration.  The 
frame  is  plumbed  and  nailed  to  side  studs  and 
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Figura  1 2-53.- Double- hung  windows.  Cro**  action,:  A.  Head  jamb;  B.  Meeting  rail*;  C.  Side  iamb*;  D.  Sill. 
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Figure  12-54. -Window  rtool  and  apron. 


header  through  the  casings  or  the  blind  stops  at 
the  sides.  Where  nails  are  exposed,  such  as  on 
the  casing,  use  the  corrosion-resistant  type. 

Hardware  for  double-hung  windows  includes 
the  sash  lifts  that  are  fastened  to  the  bottom 
rail,  although  they  are  sometimes  eliminated  by 
providing  a  finger  groove  in  the  raih  Other 
hardware  consists  of  sash  locks  or  fasteners 
located  at  the  meeting  raiL  They  not  only  lock 
the  window,  but  draw  the  sash  together  to 
provide  a  "windtight"  fit 

Double-hung  windows  can  be  arranged  in  a 
number  of  ways— as  a  single  unit,  doubled  (or 
mullion)  type*  or  in  groups jrt  three  or  more. 
One  or  two  double-hung  windows  on  each  side 
of  a  large  stationary  insulated  window  arc  often 
used  to  create  a  window  wall.  Such  large 
openings  must  be  framed  with  headers  large 
enough  to  carry  roofloads. 

Casement  Windows 

CASEMENT  WINDOWS  consist  of  side- 
hinged  sashs  usually  designed  to  swing  outward 
{fig-  12-55)  because  this  type  can  be  made  more 


weathertight  than  the  inswinging  style.  Screens 
are  located  inside  these  outswinging  windows 
and  winter  protection  is  obtained  with  a  storm 
sash  or  by  using  insulated  glass  in  the  sash.  One 
advantage  of  the  casement  window  over  the 
double-hung  type  is  that  the  entire  window  area 
can  be  opened  for  ventilation. 

Weath  erst  ripping  is  also  provided  for  this 
type  of  window,  and  units  arc  usually  received 
from  the  factory  entirety  assembled  with 
hardware  in  place.  Closing  hardware  consists  of  a 
rotary  operator  and  sash  lock.  As  in  the 
double-hung  units,  casement  sash  can  be  used  in 
a  number  of  ways— as  a  pair  or  in  combinations 
of  two  or  more  pairs.  Style  variations  are 
achieved  by  divided  lights.  Snap-in  muntins 
provide  a  small,  multiple-pane  appearance  for 
traditional  styling. 

Metal  sash  is  sometimes  used  but,  because  of 
low  insulating  value,  should  be  installed 
carefully  to  prevent  condensation  and  frosting 
on  the  interior  surfaces  during  cold  weather.  A 
full  storm-window  unit  is  sometimes  necessary 
to  eliminate  this  problem  in  cold  climates. 

Stationary  Windows 

Stationary  windows  used  alone  or  in 
combination  with  double-hung  or  casement 
windows  usually  consist  of  a  wood  sadi  vuth  a 
large  single  light  of  insulated  glass.  They  are 
designed  to  provide  light,  as  well  as  be  attractive, 
and  a: ,  fastened  permanently  into  the  frame 
(fig,  12-56),  Because  of  their  size,  (sometimes  6 
to  8ft  wide),  1  3/4-in.-thick  sash  is  used  to 
provide  strength.  The  thickness  is  usually 
required  because  of  the  thickness  of  the 
insulating  glass. 

Other  types  of  stationary  windows  may  be 
used  without,  a  sash.  The  glass  is  set  direUIy  into 
rabbeted  frame  members  and  held  in  place  with 
stops.  As  with  all  window-sash  units,  back 
puttying  and  face  puttying  of  the  glass  (with  or 
without  a  stop)  will  assure  moisture-resistance. 

TYPES  OF  GLASS 

Single-strength  glass  is  approximately 
1/10  in,  thick  and  used  for  small  arcasi  never  to 
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Figure  12'55.-Outtwinginfl  catement 


mh.  Cro«  Mrttoni:  A.  Head  jamb;  B.  Meeting       C  Side  jamb*;  D.  Sill. 
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Figure  1 2 -55. -Stationary  window.  Crott  tectiotv*;  A.  Head  jamb;  B.  Sill. 


exceed  400  sq  in.  Double* strength  glass  is 
approximately  9/64  in.  thick  and  is  used  where 
high  wind  resistance  is  necessary.  Window  giass 
comes  in  three  grades:  (AA)  or  superior  grade, 
(A)  or  very  good,  and  (B)  general  or  utility 
grade.  * 

Heavy  sheet  glass  comes  in  various 
thicknesses  from  3/16  in.  to  1/4  in.  and  in  sheet 
sizes  up  to  76  in.  by  120  in.  Sheet  glass  is 
sometimes  used  for  windows  but  usually 
greenhouses.  It  is  slightl>  wavy  and  may  cause  a 
sligh  X  distortion  of  images  viewed  through  it. 

Plate  glass  is  manufactured  in  a  continuous 
ribbon  and  cut  into  large  sheets.  It  is  ground  and 
polished    for   high   quality,   and  comes  in 

1 


thicknesses  from  1/8  in.  to  I  1/4  in.  It  isusually 
used  for  large  windows,  such  as  store  fronts. 

Tempered  glass  is  glass  that  has  been 
reheated  to  just  below  its  melting  point  and 
suddenly  cooled  by  the  oil  bath  method. 
Tempered  glass  cannot  be  cut  or  drilled  after 
tempering  and  must  be  ordered  to  exact  size.  It 
will  withstand  heavy  impacts  and  great  pressures 
but  if  tapped  near  the  edge  it  will  disintegrate 
into  small  pieces. 

Heat  strengthened  glass  is  made  of  polished 
plate  or  patterned  glass  and  is  reheated  and 
cooled  to  strengthen  it.  It  is  used  in  curtain  wall 
designs  as  spandrel  glizing  of  xnultistoried 
buildings.  Patterned  glass  is  a  rolled  flat  glass 
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with  an  impressioned  design  on  one  or  both 
sides. 

Wire  glass  is  a  regular  rolled  Hat  glass  with 
either  a  hexagonal  twisted  or  a  diamond-shaped, 
welded  continuous  wire  mesh  as  near  as  possible 
in  the  center  of  the  sheet.  The  surface  may  be 
either  patterned,  figured,  or  polished. 

Heat  absorbing  glass  is  usually  a  heavy  sheet 
of  glass  1/8  in,  or  1/4  in,  thick  and  is  either  a 
bluish  or  greenish  color.  It  has  the  ability  to 
absorb  the  sun's  infrared  rays  and  theteby 
exclude  heat. 

Insulating  glass  units  are  comprised  of  two 
or  more  sheets  of  glass  separated  by  3/16- ,  1/4-, 
or  l/2-in,  air  space.  These  units  are  factory 
sealed  and  the  captive  air  is  hydrated  at 
atmospheric  pressure.  They  are  made  of  either 
windo\v  glass  or  polished  plate  glass,  Special 
units  may  be  obtained  of  varying  combinations 
of  heat  absorbing,  laminated  patterned*  or 
tempered  glass. 

Glare  reducing  glass  is  available  in  double 
strength,  in  panes  up  to  60  in,  by  80  in,,  and 
3/16  in,,  7/32  in,,  and  1/4  in,  in  panes  up  to 
72  in,  by  I  20  in,  in  size.  It  is  light  gray  in  color, 
gives  clear  vision  and  is  also  slightly  heat 
absorbent.  One-fourth  in,  glass  will  exclude 
about  21  percent  of  the  sun*sheat  rays. 

Laminated  glass  is  comprised  of  two  or  more 
sheets  of  glass  with  one  or  more  layers  of 
transparent  vinyl  plastic  sandwiched  between 
the  glass.  An  adhesive  applied  with  heat  and 
pressure  cements  the  layers  into  one  unit.  The 
elasticity  of  the  plastic  cushions  any  blow 
against  the  glass,  preventing  sharp  pieces  from 
flying.  There  is  also  laminated  glare-reducing 
glass  where  the  pigment  in  the  vinyl  plastic 
laminate  controls  glare, 

SASH  PREPARATION 

Attach  the  sash  so  it  will  withstand  the 
design  load  and  comply  with  the  specifications. 
Adjust,  plumb,  and  square  the  sash  to  within 
1/8  in,  of  nominal  dimensions  on  shop  drawings. 
Remove  all  rivets,  screws,  bolts,  nailheads, 
welding  fillets,  and  other  projections  from 
specified  clearances.  Seal  all  sash  corners  and 
fabrication   intersections  to   make   the  sash 


watertight.  Put  a  coat  of  primer  paint  on  all 
sealing  surfaces  of  wood  sash  and  carbon  steel 
sash.  Use  appropriate  solvents  to  remove  grease, 
lacquers  and  other  organic  protecting  finishes 
from  sealing  surfaces  of  aluminum  sash, 

GLASS  CUTTING 

Insofar  as  possible,  glass  should  be  purchased 
and  stocked  in  sizes  that  can  be  used  without 
cutting.  Glass  of  special  sizes  is  cut  in  the  shop. 
For  glass  sizes,  measure  all  four  sides  of  the  sash 
and  deduct  1/16  to  1/8  in,  in  the  light  size  for 
irregularities  in  the  sash,  Minimum  equipment 
required  for  glass  cutting  consists  of  a  table,  a 
common  wood  or  metal  T-square,  and  a  glass 
cutter.  The  table  should  be  about  4  ft  square, 
with  front  and  left-hand  edges  square,  Mark  off 
the  surface  of  the  table  vertically  and 
horizontally  in  inches,  A  thin  coating  of 
turpentine  or  kerosene  on  the  glass  line  to  be  cut 
is  helpful  in  lubricating  the  action  of  the  cutter 
wheel,  A  sharp  cutter  must  be  carefully  drawn 
only  ONCE  along  the  line  of  the  desired  cut. 
Additional  strokes  of  the  cutter  may  result  in 
breakage. 

Check  dimensions  related  to  sash  openings 
to  be  sure  that  adequate  clearances  are 
maintained  on  all  four  sides  of  the  perimeter.  No 
attempt  should  be  made  to  change  the  size  of 
heat  strengthened,  tempered  or  doubled  glazed 
units. 1  since  any  such  effort  will  result  in 
permanent  damage.  All  heat  absorbing  glass 
must  be  clean  cut:  Nipping  to  remove  flares  or 
to  reduce  oversized  dimensions  of  heat- 
absorbing  glass  is  not  permitted, 

PREPARATION  BFFORE  GLAZING 

Old  wood  sash:  Clean  all  putty  runs  of 
broken  glass  fragments  and  glazier's  points. 
Remove  loose  paint  and  putty  by  scraping,  M'ipc 
the  surface  clean  with  a  cloth  saturated  in 
mineral  spirits  or  turpentine,  prime  the  putty 
runs  and  allow  them  to  dry. 

New  wood  sash:  Remove  the  dust,  prime  the 
putty  runs,  and  allow  them  to  dry.  All  new 
wood  sash  should  be  pressure  treated  for  decay 
protection. 
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Old  metal  sash:  Remove  loose  paint  or  putty 
by  scraping.  Use  steel  wool  or  sandpaper  to 
remove  rust.  Clean  the  surfaces  thoroughly  with 
a  cloth  saturated  in  mineral  spirits  or  turpentine. 
Prime  bare  metal  and  allow  it  to  dry  thoroughly. 

New  metal  sash:  Wipe  the  sash  thoroughly 
with  a  cloth  saturated  in  mineral  spirits  or 
turpentine  to  remove  dust,  dirt,  oil,  or  grease. 
Remove  any  rust  with  steel  wool  or  sandpaper. 
If  the  sash  is  not  already  factory  primed,  prime 
it  with  rust-inhibitive  paint  and  allow  it  to  dry 
thoroughly. 

GLAZING 

Glazing  vfood  and  metal  sashes  and  doors 
consists  of  sash  conditioning  and  placement  of 
glass.  Maintenance  often  involves  only 
replacement  3f  loose,  deteriorated,  or  missing 
putty.  When  replacing  glazing  items  in  buildings 
and  structures,  use  the  same  type  materials  as 
were  usejim  the  original  work.  Use  replacement 
materials  of  improved  quality  only  when 
justified  by  obvious  inadequacy  of  the  materials 
that  have  failed  or  by  planned  future  utilization 
of  the  building  or  structure. 

Wood  sash  may  be  glazed  at  the  factory  or 
on  the  job.  In  some  instances,  it  will  reduce 
breakage  and  labor  costs  to  have  glazing  done  at 
the  job  site  after  sash  is  fated.  When  a  large 
number  of  stock-size  wood  sash  are  used*  it  is 
generally  cheaper  to  have  glazing  done  at  the 
factory. 

Steel  sash  are  generally  furnished  open  and 
glazing  is  performed  on  the  job. 

Cost  of  material  varies  with  the  size  and  kind 
of  glass  and  whether  the  glissis  bedded  in  putty 
and  face  puttied,  face  puttied  only,  or  set  with 
wood  or  metal  beads. 

SETTING  GLASS  IN  WOOD 
AND  iMETAL  SASH 

Do  not  glaze  or  reglaze  exterior  sash  when 
the  temperature  is  40*  or  lower  unless 
absolutely  necessary  Sash  and  door  members 
must  be  thoroughly  cleaned  of  dust  with  a  brush 


or  cloth  dampened  with  turpentine  or  mineral 
spirits.  Lay  a  continuous  l/6-in.-thick  bed  of 
putty  or  compound  in  the  putty  run,  as  shown 
in  figure  12-57.  The  glazed  face  of  the  sash  can 
be  recognized  as  the  size  on  which  the  glass  was 
cut.  If  the  glass  has  a  bowed  surface^  it  should  be 
set  with  the  concave  side  in.  Wire  glass  is  set 
with  the  twist  vertical.  Press  the  glass  firmly  into 
place  so  that  the  bed  putty  will  fill  all 
irregularities. 

When  glazing  wood  sash,  insert  two  glazier's 
points  per  side  for  small  lights  and  about  8  in. 
apart  on  all  sides  for  large  lights.  When  glazing 
metal  sash,  use  the  *vire  clips  or  metal  glazing* 
beads. 

After  the  glass  has  been  bedded,  lay  a 
continuous  bead  of  putty  against  the  perimeter 
of  the  glass-face  putty  run.  Press  the  putty  with 
a  putty  knife  or  glazing  tool  with  sufficient 
pressure  to  insure  its  complete  adhesion  to  the 
glass  and  sash.  Finish  with  full,  smooth , 
accurately  formed  bevels  with  clean  cut  miters. 
Trim  up  the  bed  putty  on  the  reverse  side  of  the 
glass.  When  glazing  or  reglazing  interior  sash  and 
transoms,  whether  fixed  or  movable*  and 
interior  doors,  you  use  wood  or  mejal  glazing 
beads.  Exterior  doors  and  hinged  transoms 
should  have  glass  secured  in  place  with  inside 
wood  or  metal  glazing  beads  bedded  in  putty.  In 
setting  wire  glass  for  security  purposes,  set  wood 
or  metal  glazing  beads,  secured  with  screws,  on 
the  side  facing  the  area  to  be  protected.  Wood 
sash  putty  should  be  painted  as  soon  as  it  has 
surface-hardened.  Do  uot  wait  longer  than  2 
months  after  glazing.  Metal  sash*  Type  I*  elastic 
compound,  should  be  painted  immediately  after 
a  firm  skin  forms  on  the  surface.  Depending  on 
weather  conditions,  the  time  for  skinning  over 
may  be  2  to  10  days.  Type  II,  metal  sash  putty* 
can  usually  be  painted  within  2  weeks  after 
placing.  This  putty  should  not  be  painted  before 
it  has  hardened  because  early  painting  may 
retard  the  set. 

Clean  the  glass  on  both  sides  after  painting. 
A  cloth  moistened  with  mineral  spirits  will 
remove  putty  stains.  Ammonia*  acid  solutions, 
or  water  containing  caustic  Soaps  must  not  be 
used.  When  scrapers  are  used,  care  should  be 
exercised  to  avoid  breaking  the  paint  seal  at  the 
putty  edge. 
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Figure  '\2-*r*. -Setting  gf&it  with  gtezier'i  points  and  putty. 


Handling  and  cutting  glass  creates  a  serious 
hazard  Appropriate  gloves  and  other  personal 
protective  equipment  must  be  provided  and 
adequate  procedures  for  the  disposal  cf  cuttings 
and  broken  glass  established 


WOOD-TRIM  INSTALLATION 

The  casing  around  the  window  frames  on  the 
interior  of  the  house  should  be  the  same  pattern 
as  that  used  around  the  interior  door  frames. 
Other  trim  which  is  used  for  a  double-hung 


window  frame  includes  the  sash  stops,  stool,  and 
apron  {view  A,  fig.  12-58).  Another  method  of 
using  trim  around  windows  has  the  entire 
opening  enclosed  with  casing  (view  B,  fig. 
12-58).  The  stool  is  then  a  filler  member 
between  the  bottom  sash  rail  and  the  bottom 
casing. 

The  STOOL  is  the  horizontal  trim  member 
that  laps  the  window  sill  and  extends  beyond 
the  casing  at  the  sides,  with  each  end  notched 
against  the  plastered  wall.  The  APRON  serves  as 
a  finish  member  below  the  stool.  The  window 
stool  is  the  first  piece  :>f  window  trim  to  be 


12^9 


r>0Q 


BUILDER  3  &  2 


133.542 

Figure  12*58* -Installation  of  window  trim:  A,  With 
ftoof  and  apron;  B.  Enclosed  with  casing. 


installed  and  is  notched  and  fitted  against  the 
edge  of  the  jamb  and  the  plaster  line,  with  the 
outside  edge  being  flush  against  the  bottom  rail 
of  the  window  sash.  The  stool  is  blind^nailed  at 
the  ends  so  that  the  casing  and  the  stop  wiil 
cover  the  nailheads.  Predrilling  is  usually 
necessary  to  prevent  splitting.  The  stool  snould 
also  be  nailed  at  midpoint  to  the  siil  and  to  the 
apron  with  finishing  naiis.  Face  nailing  to  the  sill 
is  sometimes  substituted  or  supplemented  with 
toenailing  of  the  outer  edge  to  The  siil. 

The  casing  is  applied  and  nailed  as  described 
for  doorframes  (view  A,  fig.  12-41)  except  that 
the  inner  edge  is  flush  with  the  inner  face  of  the 
jambs  so  that  the  stop  wiil  coyer  the  joint 
between  the  jamb  and  casing.  Tne  window  stops 


are  then  nailed  to  the  jambs  so  that  the  window 
sash  slides  smoothly.  Channel-type  weather 
strpping  often  includes  full-width  metal 
subjanibs  into  which  the  upper  and  lower  &ash 
slide,  replacing  the  parting  strip.  Stops  are 
located  against  these  instead  of  the  sash  to 
provide  a  bmall  amount  of  pressure.  The  apron  is 
cut  to  a  iength  equal  to  the  outer  width  of  the 
casing  line  (view  A,  fig.  12-58).  It  is  naiied  to  the 
window  sill  and  to  the  2-by4*in.  framing  siil 
below. 

When  casing  is  used  to  finish  the  bottom  of 
the  window  frame  as  well  as  the  sides  and  top, 
the  narrow  stool  butts  against  the  side  window 
jamb.  Casing  is  then  inhered  at  the  bottom 
corners  (view  B,  fig.  12-58)  and  nailed  as 
previously  described. 

BASE  MOLDING 

Base  molding  serves  as  a  finish  between  the 
finished  wall  and  floor.  It  is  available  in  several 
widths  and  forms.  Two-piece  base  consists  of  a 
baseboard  topped  with  a  sma'l  base  cap  (view  A, 
fig.  12-59).  When  planter  is  not  straight  and  true, 
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Figure  12-59,-6 we  molding;  A.  Square*edge  base:  B. 
Narrow  ranch  base;  C.  Wide  ranch  base;  D.  Instal- 
lation; £.  Copt. 
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Figure  12*60.— Buttjoining  baseboard  at  an  inside 
corner. 


the  small  base  molding  will  conform  more 
closely  to  the  variations  than  will  the  wider  base 
alone.  A  common  size  for  this  type  of  baseboard 
is  5/8  by  3  1/4  in.  or  wider.  One-piece  base 
^^oiies  in  size  from  7/16  by  2  1/4  in.  to 
1/2  by  3  1/4  in.  and  wider  (views  B  and  C,  fig, 
12-59).  Although  a  wood  member  is  desirable  at 
the  junction  of  the  wall  and  carpeting  to  serve  as 
a  protective  "bumper'*,  wood  trim  is  sometimes 
eliminated  entirely. 

Most  baseboards  are  finished  with  a 
j-  1/2-  by  3/4-in.  base  shoe.  A  single  base  molding 
without  the  shoe  ir  sometimes  placed  at  the 
walMloor  junction,  especially  where  carpeting 
might  be  used. 

Square*edged  baseboard  should  be  installed 
with  a  butt  joint  at  inside  corners  aad  a  mitered 
joint  at  outside  corners  (view  fig.  12-59),  It 
should  be  nailed  to  each  stud  with  two 
eightpenny  finishing  nails.  Molded  single-piece 
base,  base  moldings,  and  base  shoe  should  have  a 
coped  joint  at  inside  corners  and  a  mitered  joint 
at  outside  corners,  A  coped  joint  is  one  in  which 
the  first  piece  is  square-cut  against  the  piaster  or 
base  and  the  second  molding  coped.  This  is 
accomplished  by  sawing  a  45°  miter  cut  arid 


with  a  coping  saw  trimming  the  molding  along 
the  inner  line  of  the  miter  (view  E,  fig.  12-59). 
The  base  shoe  should  be  nailed  into  the  subfloor 
with  long  slender  nails  and  not  into  the 
baseboard  itself.  Thus*  if  there  is  a  small  amount 
of  shrinkage  of  the  joists,  no  opening  will  occur 
under  the  shoe. 

To  butt-join  a  niece  of  baseboard  to  another 
piece  already  in  place  at  an  inside  corner,  set  the 
piece  to  be  joined  in  position  on  the  floor,  bring 
the  end  against  or  near  the  face  of  the  other 
piece,  and  take  off  the  line  of  the  face  with  a 
scriber,  as  shown  in  figure  1 2-60.  Use  the  same 
procedure  when  butting  ends  of  baseboard 
against  the  side  casings  of  doors. 

For  miter-joining  at  an  outside  corner, 
proceed  as  shown  in  figure  12-61.  First,  set  a 
MARKER  PIECE  of  baseboard  across  the  wall 
corner,  as  shown  in  the  left-hand  view  and  mark 
the  floor  along  the  edge  of  the  piece.  Then  set 
the  piece  to  be  mitered  in  place,  and  mark  the 
point  where  the  wall  corner  intersects  the  top 
edge  and  the  point  where  the  mark  on  the  floor 
intersects  the  bottom  edge.  Lay  45°  lines  across 
the  edge  from  tnese  points  to  make  a  90° 
corner;  connect  these  lines  with  a  line  across  the 
face,  and  miter  to  the  lines  as  indicated. 

C£IUNG  MOLDING 

Ceiling  moldings  are  sometimes  used  at  the 
junction   of   the   wall  and   ceiling  for  an 
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Figure  1 2-61  .-M tor. joining  baseboard  at  an  outride 
corner. 
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Figure  12-62 -Ceiling  moldings;  A.  Installation  (inside 
cornH;  B.  CrOvm  molding;  C.  Small  crown  molding. 

architectural  effect  or  to  terminate  dry-wall 
paneling  of  gypsum  board  or  wood  (view  A,  fig. 
1 2-62).  As  with  the  base  moldings,  inside 
corners  should  also  be  cope^jointed.  This  insures 
a  tight  joint  and  retains  a  good  fit  if  there  are 
minor  moisture  changes. 

A  cutback  edge  at  the  outside  of  the 
molding  will  partially  conceal  any  uneveness  of 
the  plaster  and  make  painting  easier  where  there 
are  color  changes  (view  B,  fig,  12-62).  For 
gypsum  dry-wall  construction,  a  small  simple 
molding  might  be  desirable  (view  Q  fig.  12-62). 
Finish  nails  should  be  driven  into  the  upper 
wall-plates  and  also  into  the  ceiling  joists  for 
large  molding  when  possible. 


DECORATIVE  TREATMENT 

The  decorative  treatment  for  interior  doors, 
trim,  and  other  millwork  may  be  paint  or  a 


natural  finish  with  stain,  vamish,  or  other 
nonpigmented  material.  The  paint  or  natural 
finish  desired  for  the  woodwork  in  various 
rooms  often  determines  the  species  of  wood  to 
be  used.  Interior  finish  that  is  to  be  painted 
shouid  be  smooth,  close-grained,  and  free  from 
pitch  streaks.  Some  species  having  these 
requirements,  to  a  high  degree  include 
ponderosa  pine,  northern  white  pine,  redwood, 
and  spruce.  Birch,  gum  and  yellow  poplar  are 
recommended  for  their  hardness  and  resistance 
to  hard  usage.  Ash,  birch,  cherry,  maple,  oak, 
and  walnut  provide  a  natural  finish  decorative 
treatment.  Some  require  staining  to  improve 
appearance. 

The  recommended  moisture  content  for 
interior  finish  varies  from  6  to  1 1  percent, 
depending  on  the  climatic  conditions. 

LAMINATED  PLASTICS 

Plastic-laminated  products  are  manufactured 
in  a  variety  of  forms  or  shapes.  They  are 
commonly  used  on  construction  projects  for 
wall  surfaces,  countertops,  tablctops  and  the 
like. 

There  are  various  methods  of  fastening  the 
laminated  plastics.  For  example,  a  plastic- 
laminated  countertop  is  installed  as  follows: 

Measure  and  cut  a  piece  of  the  laminate  to 
the  desired  size.  Allow  at  least  1/4  in.  extra  to 
project  past  the  edge  of  the  countertop  surface. 
Next,  mix  and  apply  the  contact  bond  cement 
to  the  underside  of  the  laminate  and  to  the 
topside  of  the  countertop  surface. 

NOTE;  Be  sure  to  follow  the  manufacturer's 
recommended  directions  for  application. 

Allow  the  contact  bond  cement  to  set  or 
dry.  To  check  for  bonding,  press  a  piece  of 
brown  wrapping  paper  on  the  cement-coated 
surface.  When  no  adhesive  residue  shows,  it  is 
ready  to  be  bonded.  Be  sure  to  lay  a  full  sheet  of 
brown  wrapping  paper  across  the  countertop. 
This  allows  you  to  adjust  the  laminate  into  the 
desired  position  without  permanent  bonding. 
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Now,  you  can  gradually  slide  the  wrapping  paper 
out  from  under  the  laminate,  and  the  laminate 
becomes  bonded  to  the  countertop  surface. 

Be  sure  to  roll  the  laminate  flat  by  hand, 
removing  any  air  bubbles  and  getting  a  good 


firm  bond.  After  sealing  the  laminate  to  the 
countertop  surface,  trim  the  edges  by  using 
either  a  router  with  a  special  guide  or  a  small 
block  plane.  If  you  want  to  bevel  the  countertop 
edge,  use  a  mill  file. 
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PLASTERING,  STUCCOING,  AND  CERAMIC  TILE 


PLASTER  and  STUCCO,  like  concrete,  are 
construction  materials  which  are  applied  in  a 
plastic  condition,  and  harden  in  place  after  being 
applied.  The  fundamental  difference  between 
plaster  and  stucco  is  simply  one  of  location:  if 
the  material  is  used  internally,  it  is  called  plaster; 
if  it  is  used  externally,  it  is  called  stucco. 

Walls  in  bathrooms*  shower  rooms,  galleys, 
corridors,  and  the  like  are  sometimes  entirely  or 
partly  covered  with  CERAMIC  TILE.  The  tile  is 
made  of  clay,  pressed  into  shape,  and  baked  in 
an  oven. 

This  chapter  provides  information  on 
procedures,  methods,  and  techniques  used  in 
plastering,  stuccoing^  and  tile  setting.  Also 
described  an  the  various  tools,  equipment,  and 
materials  that  the  Builder  uses  when  working 
with  plaster,  stucco,  and  ceramic  tile. 

Safety  precautions  will  be  noted  at  various 
points,  where  applicable,  throughout  the 
chapter* 


PLASTER  INGREDIENTS 

A  plaster  mix,  like  a  concrete  mix,  is  made 
plastic  for  application  by  the  addition  of  water 
to  the  dry  ingredients  which  are  the  binders  and 
aggregates.  Again  like  concrete,  it  is  a  reaction  of 
the  binder  to  the  water  called  HYDRATION 
that  causes  the  mix  to  harden. 

The  binders  most  commonly  used  in  plaster 
are  GYPSUM,  LIME,  and  PORTLAND 
CEMENT.  Because  gypsum  plaster  should  not  be 
exposed  to  water  or  severe  moisture  conditions, 
it  is  usually  confined  to  interior  use.  Lime  and 
Portland  cement  plaster  may  be  used  both 
internally  and  externally. 


The  aggregates  most  commonly  used  in 
plaster  are  SAND*  VERMICULITE,  and 
PERLITE. 

GYPSUM  PLASTER 

Gypsum  is  a  naturally  occurring  sedimentary 
gray,  white,  or  pink  rock.  The  natural  rock  is 
crushed  and  then  heated  to  a  high  temperature, 
a  process  (known  as  CALCINING)  which  drives 
off  about  three-quarters  of  the  WATER  OF 
CRYSTALLIZATION  which  forms  about  20 
percent  by  weight  of  the  rock  in  a  natural  state. 
The  calcined  material  is  then  ground  to  a  fine 
powder,  to  which  certain  ADDITIVES  are  added 
to  control  set,  stabilization,  and  other  physical 
or  chemical  characteristics. 

For  a  type  of  gypsum  plaster  called 
KEENER  CEMENT,  the  crushed  gypswn  rock  is 
heated  until  nearly  all  of  the  water  of 
crystallization  is  driven  off.  To  offset 
slow*$etting  caused  by  the  absence  of  so  much 
WATER  OF  HYDRATION,  an  Englishman 
named  Keene  patentee  a  process  of  adding  alum 
as  an  accelerator.  The  resulting  piaster,  called 
Keene's  cement,  produces  a  very  hard» 
fine-textured  finish  coat. 

The  removal  of  water  of  crystallization  from 
natural  gypsum  is  a  DEHYDRATION  process.  In 
the  course  of  setting,  mixing  water  (water  of 
hydration)  added  to  the  mix  REHYDRATES 
with  the  gypsum,  thus  causing  RECRYSTALr- 
UZATION.  Recrystallization  causes  the  plaster 
{o  harden. 

There  are  four  common  types  of  gypsum 
basecoat  plasters: 

GYPSUM  NEAT  plaster  is  gypsum  plaster 
without  aggregate,  intended  for  mixing  with 
aggregate  and  water  on  the  job. 
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GYPSUM  READY-MIXED  plaster  consists 
of  gypsum  and  ordinary  mineral  aggregate;  at 
the  job  it  requires  only  the  addition  of  water. 

GYPSUM  WOOD-FIBER  ED  plaster  consists 
of  calcined  gypsum  combined  with  not  less  than 
0.75  percent  by  weight  of  nonstaining  wood 
fibers-  It  may  be  used  as  is  or  mixed  with  1  part 
sand  to  produce  base  coais  of  superior  strength 
and  hardness. 

GYPSUM  BOND  plaster  is  so-called  because 
it  is  designed* to  bond  to  properly  prepared 
monolithic  concrete.  It  consists  essentially  of 
calcined  gypsum  mixed  with  from  2  to  5  percent 
of  lime  by  weight. 

There  are  five  common  types  of  gypsum- 
finish  coat  plasters: 

READY-MIX  GYPSUM-FINISH  plasters  are 
designed  for  use  over  gypsum-plaster  basecoats. 
They  consist  of  finely  ground  calcined  gypsum, 
some  with*  and  others  without,  aggregate.  At  the 
job,  they  require  addition  of  water  only. 

GYPSUM  ACOUSTICAL  plasters  arc 
designed  to  reduce  sound  reverberation. 

GYPSUM  GAGING  plasters  contain  LIME 
PUTTY,  the  inclusion  of  which  provides  certain 
setting  properties,  increases  dimensional  stability 
during  drying,  and  provides  initial  surface 
hardness.  Gaging  piasters  are  obtainable  as 
SLOW-SET,  QUICK-SET,  and  SPECIAL  HIGH 
STRENGTH. 

GYPSUM  MOLDING  plasters  are  used 
primarily  in  casting  and  ornamental  plaster 
work.  It  is  available  neat  (that  is,  without 
admixtures)  or  with  lime.  As  with  portland 
cement  mortar,  the  addition  of  lime  to  a  plaster 
mix  makes  the  mix  more  buttery.*' 

KEENE'S  CEMENT  is  a  fine,  high-density 
plaster  capable  of  creating  a  highly  polished 
surface.  It  is  customarily  used  with  lime  putty, 
and  \rith  fine  sand  which  provides  crack- 
resistance. 

LIME  PLASTER 

LIME  is  obtained  principally  from  the 
burning  (called  calcining)  of  LIMESTONE,  a 
very  common  mineral.  During  the  calcining 
process,  certain  chemical  changes  occur  which 
transform  the  limestone  into  what  is  called 
QUICKLIME.  Quicklime  which  meets  certain 


requirements  is  pulverized  for  building  use; 
other  quicklime  is  further  processed  into 
HYDRATED  lime  for  building  use. 

Before  being  used  for  plastering,  quicklime 
must  be  SLAKED-  Slaking  consists  of  adding  the 
quicklime  to  water.  When  quicklime  is  added  to 
water  be  careful  because  of  a  chemical  change 
that  will  occur.  For  example,  always  add 
quick -slaking  lime  *to  water;  when  escaping 
steam  appears,  the  lime  should  be  hoed  and  just 
enough  lime  added  to  stop  the  steaming. 

In  mixing  mediunvslaking  and  slow-slaking 
limes,  the  water  should  be  added  to  the  lime. 
The  slow-slaking  lime  must  be  mixed  under  an 
ideal  temperature;  thereby  making  it  necessary 
to  heat  the  water  in  cold  weather.  Magnesium 
lime  is  easily  "drowned"  so  be  careful  not  to 
add  too  much  water  to  quick-slaking  calcium 
lime.  When  too  little  water  is  added  to  either 
calcium  or  magnesium  limes,  they  can  be 
''burned/'  Whenever  lime  is  burned  or  drowned, 
a  part  of  it  is  spoiled,  and  it  will  not  harden  and 
the  paste  is  not  as  viscous  and  plastic  as  it  should 
be.  The  quicklime  must  be  soaked  for  an 
extended  period  of  as  much  as  21  days.  The 
end-product  is  plastic  LIME  PUTTY. 

Because  of  the  delays  involved  in  the  slaking 
process  of  quick-lime  most  building  lime  is 
hydrated  lime.  NORMAL  hydrated  lime  is 
Lunverted  into  lime  putty  by  soaking  for  at  least 
16  hr.  SPEOAL  hydrated  lime  develops 
immediate  plasticity  when  mixed  with  water  and 
may  be  used  right  after  mixing. 

Like  calcined  Fypsum,  lime  plaster  tends  to 
return  to  its  original  rock-like  state  after 
application. 

For  interior  basecoa*  work,  lime  plaster  has 
been  largely  supplanted  by  gypsum  plaster.  It  is 
now  used  principally  for  interior  finish  coats. 
Because  lime  putty  is  the  most  plastic  and 
workable  of  the  cementitious  materials  used  in 
plaster,  it  is  often  added  to  other  less  workable 
plaster  materials  to  improve  plasticity.  For  lime 
plaster,  lime  (in  the  form  of  either  dry  hydrate 
or  lime  putty)  is  mixed  with  sand,  water,  and  a 
GAGING  MATERIAL  A  gaging  material  is 
intended  to  produce  early  strength  and  to 
counteract  shrinkage  tendencies.  The  gaging 
material  may  be  either  gypsum  gaging  piaster  or 
Keene's  cement  for  interior  work,  or  portland 
cement  for  exterior  work. 


1>2 


Chapter  13-PLASTERING,  STUCCOING,  AND  CERAMIC  TILE 


PORTLAND  CEMENT 

Portland  cement  plaster  is  similar  to  the 
Portland  cement  mortar  used  in  masonry*  It  may 
contain  cement,  sand,  and  water  only;  however, 
lime,  ground  asbestos,  or  some  other  plasticizing 
material  is  usually  added  for  "butteriness." 

Portland  cement  plaster  may  be  applied 
direct  to  exterior  and  interior  masonry  walls  and 
over  metal  lath.  NEVER  apply  Portland  cement 
plaster  over  gyspum  plasterboard  or  Over 
gypsum  tile.  Portland  cement  plaster  is 
recommended  for  use  in  plastering  walls  and 
ceilings  of  large  walk-in  refrigerators  and  cold 
storage  spaces,  basement  spaces,  toilets,  showers, 
and  similar  areas  where  an  extra  hard  or  highly 
water-resistant  surface  is  required. 

Aggregates 

SAND  for  plaster,  like  sand  for  concrete, 
must  be  free  of  more  than  a  specified  minimum 
of  organic  impurities  and  harmful  chemicals. 
Certain  tests  for  these  impurities  and  chemicals 
are  conducted  by  qualified  personnel. 

Proper  aggregate  gradation  influences  plaster 
strength  and  workability,  and  likewise  has  an 
effect  on  the  tendency  of  the  material  to  shrink 
or  expand  while  setting. 

Plaster  strength  is  reduced  if  excessive  fine 
aggregate  material  is  present  in  a  mix.  The 
greater  quantity  of  mixing  water  required  raises 
the  watencement  ratio,  thereby  reducing  the 
dry  set  density.  The  cementitious  material 
oecomes  overextended,  because  it  must  coat  a 
relatively  larger  overall  aggregate  surface. 

An  excess  of  coarse  aggregate  adversely 
affects  workability;  the  mix  becomes  "harsh 
working"  and  difficult  to  apply. 

Plaster  shrinkage  during  drying  may  be 
caused  by  an  excess  of  either  fine  or  coarse 
aggregate.  Because  an  excess  of  fine  increases  the 
aggregate  total  surface  area,  a  larger  quantity  of 
binder  paste  is  needed  to  coat  all  particles.  The 
mix  becomes  too  rich  in  cementitious  material, 
and  it  is  the  cementitious  material  which  is 
unstable  after  application.  The  end-effect  is 
much  the  same  if  there  is  too  much  coarse 
aggregate;  in  this  case,  there  is  not  enough  fine 
aggregate  to  fill  the  voids  between  coarse 
particles,  and  more  cementitious  material  must 


be  used  to  fill  these  voids.  Again  the  result  is  a 
rich  and  relatively  unstable  material. 

Generally  speaking,  any  sand  retained  on  the 
No.  4  sieve  is  too  coarse  to  use  in  plaster*  and 
only  a  small  percentage  of  the  material  (about  5 
percent)  should  pass  the  No.  200  sieve. 

VERMICULITE  is  a  MICACEOUS  mineral^ 
meaning  a  mineral  in  which  each  particle  is 
LAMINATED,  or  made  up  of  adjoining  layers. 
When  vermiculite  particles  are  exposed  to 
intense  heat,  steam  forms  between  the  layers 
forcing  them  apart;  this  causes  each  particle  to 
increase  from  6  to  20  times  in  volume.  The 
expanded  material  is  soft  and  pliable  with  a 
color  varying  between  silver  and  gold. 

For  ordinary  plaster  work,  vermiculite  is 
used  only  with  gypsum  plaster -there fore,  in 
general,  only  for  interior  plastering.  For 
acoustical  plaster,  vermiculite  is  combined  with 
a  special  acoustical  binder. 

The  approximate  dry  weight  of  a  cu  ft  of 
1:2  gypsum-vermiculite  plaster  is  50  to  55  lb, 
the  dry  weight  of  a  cu  ft  of  comparable  sanded 
plaster  is  104  to  1201b. 

Raw  PERLITE  is  a  volcanic  glass  which, 
when  flash-roasted*  expands  to  form  frothy 
particles  of  irregular  shape  that  contain  countless 
minute  air  cells.  Expansion  causes  the  particles 
to  "pop,"  forming  a  frothy  mass  of  glass  bubbles 
4  to  20  times  the  volume  of  the  raw  particles. 
The  color  of  expanded  perlite  ranges  from 
pearly  white  to  grayish  white. 

Perlite  is  used  with  calcined  gypsum  or 
Portland  cement  for  interior  plastering;  it  is  also 
used  with  special  binders  for  acoustical  plaster. 
The  approximate  dry  weight  of  a  cu  ft  of  1:2 
gypsum-perlite  plaster  is  50  to  55  lb,  or  about 
half  the  weight  of  a  cu  ft  ol"  sand-piaster. 

Although  sand;  vermiculite,  and  perlite 
Constitute  the  great  preponderance  of  plaster 
aggregate,  certain  other  materials  are  used.  Wood 
fiber  may  be  added  to  neat  gypsum  plaster  at 
the  time  of  manufacture,  to  improve  the 
working  qualities  of  the  gypsum.  PUMICE  is  a 
naturally  formed  volcanic  glass  similar  to  perlite, 
but  heavier  (28  to  32  lb  per  cu  ft,  against  7,5  to 
151b  for  perlite).  The  weight  differential  gives 
perlite  an  economic  advantage,  and  limits  the 
use  of  pumice  to  localities  near  where  it  is 
produced. 
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WATER 

The  mixing  water  in  plaster  performs  two 
functions.  Pint,  it  transforms  the  dry 
ingredients  into  a  plastic,  workable  mass; 
second,  it  combines  mechanically  and/or 
chemically  with  the  binder  to  induce  hardening* 
As  is  the  case  with  concrete,  there  is  a  maximum 
quantity  of  water  per  unit  of  binder  required  for 
complete  hydration,  and  an  excess  over  this 
amount  reduces  the  plaster  strength  below  the 
maximum  attainable. 

However,  in  all  plaster  mixing,  more  water  is 
added  than  is  necessary  for  complete  hydration 
of  the  binder;  the  excess  is  necessary  to  bring 
the  mix  to  workable  consistency.  The  amount 
that  must  be  added  for  workability  depends  on 
the  characteristics  and  age  of  the  binder,  the 
method  of  application,  the  drying  conditions, 
and  the  tendency  of  the  base  to  absorb  water  A 
porous  masonry  base,  for  example,  will  draw  a 
good  deal  of  water  out  of  a  plaster  mix.  If  this 
reduces  the  water  content  of  the  mix  below  the 
maximum  required  for  hydration,  incomplete 
curing  will  result 

As  a  general  rule,  only  the  amount  of  water 
required  to  attain  workability  is  added  to  a  mix 
and  no  mo;e.  The  water  should  be  clean  and 
fresh,  and  it  must  contain  no  dissolved  chemicals 
which  might  accelerate  or  retard  the  set.  Water 
previously  used  to  wash  plastering  tools  should 
never  be  used  for  mixing  plaster;  it  may  contain 
particles  of  set  plaster  which  may  accelerate 
setting.  Stagnant  water  should  be  avoided, 
because  it  may  contain  organic  material  which 
may  retard  setting  and  possibly  cause  staining. 


PLASTER  BASES 

For  plastering  there  must  be  a  continuous 
surface  to  which  the  plaster  can  be  applied  and 
to  which  it  will  cling;  such  a  surface  is  called  a 
plaster  BASE.  A  continuous  concrete  or 
masonry  surface  may  serve  as  a  base  without  the 
necessity  for  further  treatment. 

For  plaster  planes,  such  as  those  defined  by 
the  inner  edges  of  studs  or  the  lower  edges  of 
joists,  however,  base  material  must  be  installed 
to  form  a  continuous  surface  which  will  span  the 
spaces  between  the  structural  members.  Material 


of  this  kind  is  called  LATH,  Lath  formerly 
consisted  of  thin  wooden  strips  which  were 
nailed  at  right  angles  to  the  studs  or  joists. 
Narrow  openings  were  left  between  adjacent 
laths,  through  which  the  plaster  penetrated  to 
form  a  KEY  which  bonded  the  plaster  to  the 
lath. 

In  modem  plastering,  wooden  lath  has  been 
almost  entirely  superseded  by  GYPSUM  lath  and 
METAL  lath. 

GYPSUM  LATH 

Gypsum  lath  is  made  by  sandwiching  a  core 
of  gypsum  plaster  between  two  sheets  of  a 
fibrous,  absorbent  paper  For  PLAIN  (non* 
perforated)  gypsum  lath*  bond  is  effected 
by  absorption  or  suction  of  the  face  of  the  lath. 
This  absorption  draws  in  some  of  the 
cementitious  material  in  the  plaster.  As  the 
plaster  sets,  particles  of  this  absorbed  material 
interlock  with  nonabsorbed  particles  in  the 
plaster.  For  PERFORATED  (punched  with 
3/4-in,  holes  4  in,  apart)  gypsum  plaster,  suction 
bond  is  supplemented  by  keys  formed  by  plaster 
which  penetrates  the  holes. 

The  standard  sheet  size  for  gypsum  lath  is 
16  in,  by  48  in,,  except  in  the  western  U,S,, 
where  it  is  16  1/5  in.  by  48  in.  LONG  LENGTH 
gypsum  lath  comes  16  or  24  in.  wide  and  any 
length  up  to  12  ft.  Available  thicknesses  are 
3/8  in,  and  1/2  in.  INSULATING  gypsum  lath 
has  aluminum  foil  bonded  to  the  back  of  the 
sheet,  this  material  provides  thermal  insulation 
and  also  serves  as  a  vapor  barrier. 

Gypsum  lath  is  nailed  to  studs,  joists,  or 
furring  strips  with  1  1/8-in.  to  l-l/4in. 
flatheaded  GYPSUM  LATH  NAILS,  5  nails  to 
each  stud,  joist,  or  strip  crossing,  it  may  also  be 
attached  with  power-driven  staples, 

METAL  LATH 

Metal  lath  consists  essentially  of  a  metal 
screen.  Bond  is  created  by  keys  formed  by 
plaster  forced  through  the  screen  openings;  as 
the  plaster  hardens,  it  and  the  metal  become 
rigidly  interlocked. 

WIRE  lath  consists  simply  of  wire  screen, 
formed  by  weaving  or  welding  intersecting  wires 
together,  SHEET  metal  lath  consists  of  sheet 
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metal  perforated  with  openings  of  various 
shapes, 

EXPANDED  METAL  LATH 

FLAT  EXPANDED  metal  lath  is  manufac- 
tured by  first  cutting  staggered  slits  in  a  sheet 
and  then  expanding  (stretching)  the  sheet  to 
form  the  screen  openings,  RIB  EXPANDED 
metal  lath  contains  V-shaped  metal  ribs  for  the 
purpose  of  furring  the  lath  out  from  the  surface 
to  which  it  is  attached. 

Flat  Expanded  Lath 

DIAMOND  MESH  lath,  suitable  for  all  types 
of  plastering,  comes  in  24-in,  by  96-in*  and 
27-in.  by  96-in,  sheets, 

SELF-FURRING  DIAMOND  MESH  con- 
tains DIMPLES  which  fur  it  out  1/4  in.  from 
the  surface  to  which  it  is  attached.  This  lath  may 
be  nailed  to  smooth  concrete  or  masonry 
surfaces,  or  wrapped  around  structural  steel 
without  the  necessity  for  previous  furring.  It  is 
widely  used  for  replastering  old  walls  and 
ceilings  when  the  removal  of  the  old  plaster  is 
not  desired.  Standard  sizes  are  the  same  as  for 
diamond  mesh, 

PAPER-BACKED  DIAMOND  MESH  is 
designed  to  receive  plaster  applied  bymachine* 

STUCCO  MESH  has  larger  openings  than, 
diamond  mesh;  it  is  intended  primarily  for 
exterior  plastering. 

Rib  Expanded  Lath 

Rib  expanded  lath  has  ribs  1/8  in,  deep, 
3/8  in,  deep,  or  3/4  in,  deep.  Standard  sheet 
sizes  for  1/8  in,  and  3/8  in,  rib  expanded  lath  are 
the  same  as  for  diamond  mesh  lath.  For  3/4  in, 
rib  expanded  lath,  the  widths  are  the  same,  but 
lengths  of  Up  in,  and  144  in,  are  available 
besides  96  in, 

ATTACHMENT  OF 
METAL  LATH 

Me'al  lath  is  nailed  to  vertical  wooden 
supports,  such  as  wall  studs  or  wall  furring  strips 
with  4d  common  nails.  It  is  nailed  to  horizontal 
wooden  supports  such  as  ceiling  joists  or  ceiling 


furring  strips  with  I  l/2*in,  barbed  roofing  nails. 
It  may  also  be  attached  to  wooden  supports 
with  powerniriven  staples.  For  attachment  to 
metal  supports,  tie  wires  are  used.  In  handling 
metal  lath,  wear  heavy  gloves, 

LATHING  ACCESSORIES 

LATHI  NG  A  CCESSORIFS  consist  of 
STRUCTURAL  COMPONENTS  and  MISCEL- 
LANEOUS ACCESSORIES,  The  principal  use  of 
structural  components  is  in  the  construction  of 
HOLLOW  PARTITIONS,  A  hollow  partition  is 
one  which  contains  no  building  framing 
members*  such  as  studs  and  plates.  Structural 
components  are  lathing  accessories  which  take 
the  place  of  the  hissing  framing  members  in 
supporting  the  la+h.  They  include  prefabricated 
METAL  STUDS  and  floor  and  ceiling  RUNNER 
TRACKS,  The  runner  tracks  take  the  place  of 
missing  stud  top  and  bottom  plates;  they  usually 
consist  of  metal  CHANNELS,  Channels  are  also 
used  fof  furring  and  bracing. 

Miscellaneous  accessories  consist  principally 
of  various  devices  attached  to  the  lath  at  the 
corners  and  at  other  locations.  They  serve  to 
define  and  reinforce  comers,  to  provide  dividing 
strips  between  plaster  and  the  edges  of 
baseboard  or  other  trim,  or  to  define  plaster 
edges  at  unframed  openings,  CORNER  BEADS 
are  the  most  common  miscellaneous  accessories. 
Figure  13-1  shows  a  STANDARD  FLANGE 
comer  bead,  in  which  the  flanges  are  perforated 
metal.  There  are  also  EXPANDED  FLANGE  and 
WIDE  FLANGE/fcorner  beads,  CASING  BEADS 
are  similar  devices  for  providing  dividing  strips 
between  plaster  edges  and  the  edges  of  door  and 
window  casing.  BASE  BEADS  (also  called  BASE 
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figure  13-1.— Standard  flange  corner  bead. 
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SCREEDS)  provide  dividing  strips  between 
plaster  edges  and  the  edges  of  baseboards.  All  of 
these  devices  are  attached  to  the  lath  before 
plaster  is  applied. 

JOINT  REINFORCING 

Because  some  drying  usually  takes  place  in 
the  wood  framing  members  after  a  structure  is 
completed,  some  shrinkage  can  be  expected,  in 
turn,  this  may  cause  plaster  cracks  to  develop 
around  openings  and  in  the  comers*  To 
minimize,  if  not  eliminate,  these  cracks, 
expanded  metal  lath  is  used  in  certain  ke> 
positions  over  the  plaster-base  material  as 
reinforcement.  Strips  of  expanded  metal  lath 
may  be  used  over  window  and  door  openings 
(view  A,  fig*  13-2)*  A  strip  about  10  by  20  in*  is 
placed  diagonally  across  each  upper  comer  of 
the  opening  and  tacked  in  place. 
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Metal  lath  should  also  be  used  under  flush 
ceiling  beams  to  prevent  plaster  cracks  (view  B, 
fig.  13-2)*  On  wood  drop  beams  extending 
below  the  ceiling  line,  the  metal  lath  is  applied 
with  furring  nails  to  provide  space  for  keying  of 
the  plaster. 

Corner  beads  of  expanded  metal  lath  or  of 
perforated  metal  should  be  installed  on  all 
exterior  comers  (view  A,  fig.  13-3).  They  should 
be  applied  plumb  and  level.  The  bead  acts  as  a 
leveling  edge  when  walls  are  plastered  and 
reinforces  the  corner  against  mechanical  damage. 
To  minimize  plaster  cracks,  inside  comers  at  the 
juncture  of  walls  and  of  ceilings  should  also  be 
reinforced.  Metal  lath  or  wire  fabric  (comerites) 
are  tacked  lightly  in  place  in  these  comers. 
Comerites  provide  a  key  width  of  2  to  2  1/2  in, 
at  each  side  for  piaster  (view  B,  fig*  13-3)* 
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Figure  13-2.-MetH  lath  used  to  minimize  cracking:  (A) 
at  door  and  window  openings;  (B)  under  flush  beams* 
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Figure  13-3.— Reinforcing  of  plaster  at  corners:  (A)  out* 
side;  (B)  inside. 
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PLASTER  GROUNDS 

Plaster  grounds  are  strips  of  wood  used  as 
plastering  guides  or  strik&off  edges  and  are 
located  around  window  and  door  openings  and 
at  the  base  of  the  walls-  Grounds  around  interior 
door  openings  are  often  fulbwidth  pieces  nailed 
to  the  sides  over  the  studs  and  to  the  underside 
of  the  header  (view  A,  fig.  13-4).  They  are 
5  1/4  in-  wide,  w  ch  coincides  with  the 
standard  jamb  width  for  interior  walls  with  a 
plaster  finish.  They  arc  removed  after  plaster  has 
dried.  Narrow  strip  grounds  might  also  be  used 


around  these  interior  openings  (view  B,  fig. 
13^). 

In  window  and  exterior  door  openings,  the 
frames  are  normally  in  place  before  the  plaster  is 
applied.  Thus,  the  inside  edges  of  the  side  and 
head  jamb  can,  and  often  do,  serve  as  grounds. 
The  edge  of  the  window  might  also  be  used  as  a 
ground,  or  a  narrow  7/8-in. -thick  ground  strip  is 
nailed  to  the  edge  of  the  2-  by  4~in.  sill.  Narrow 
7/8-  by  1-in.  grounds  might  also  be  used  around 
window  and  door  openings  (view  C,  fig.  13-4). 
These  are  normally  left  in  place  and  are  covered 
by  the  casing. 
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A  similar  narrow  ground  or  screed  is  used  at 
the  bottom  of  the  wall  to  control  thickness  of 
the  gypsum  plaster,  and  to  provide  an  even 
surface  for  the  baseboard  and  molding.  This 
screed  is  also  left  in  place  after  plaster  has  been 
applied, 

INSTALLATION  OF 
PLASTER  BASE 

Gypsum  lath  should  be  applied  horizontally 
with  joints  broken  (fig*  13-5).  Vertical  joints 
should  be  made  over  the  centerof  studs  or  joists 
and  nailed  wg&  12-  or  13-gage  gypsum^athing 
nails  1  1/2  inrrong  and  with  a  3/8-in,  flat  head. 
Nails  should  be  spaced  5-in.  oncenter,  or  four 
nails  for  the  16-in,  height,  and  used  at  each  stud 
or  joist  crossing.  Some  manufacturers  specify 
the  ring-shank  nails  with  a  slightly  greater 
spacing.  Lath  joints  over  heads  of  openings 
should  not  occur  at  the  jamb  lines  (fig*  13-5). 

Insulating  lath  should  be  installed  much  the 
same  as  gypsum  lath,  except  that  slightly  longer 
blued  nails  should  be  used.  A  special  waterproof 
facing  is  provided  on  one  type  of  gypsum  board 
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Figure  13>6.-*APplk8tion  of  gypsum  feth. 


for  use  as  a  ceramic  tile  base  when  the  tile  is 
applied  with  an  adhesive. 

Metal  lath  is  often  used  as  a  plaster  base 
around  tub  recesses  and  other  bath  and  kitchen 
areas  (fig.  13-6).  It  is  also  used  when  ceramic  tile 
is  applied  over  a  plastic  base.  It  must  be  backed 
with  water-resistant  sheathing  paper  over  the 
framing.  The  metal  lath  is  applied  horizontally 
over  the  waterproof  backing  with  side  and  end 
joints  lapped.  It  is  nailed  with  No.  11  and  No. 
12  roofing  nails  long  enough  to  provide  about 
1  l/2-in.  penetration  into  the  framing  member 
or  blocking. 


MIXING  PLASTER 

Some  plaster  comes  ready-mixed,  requiring 
only  the  addition  of  enough  water  on  the  job  to 
attain  minimum  required  workability.  For 
job-mixing,  tables  are  available  which  give 
recommended  ingredient  proportions  for 
gypsur-i-  lime,  lime-portland  cement,  and 
Portland  cement  plaster  for  base  coats  on  lath  or 
on  various  types  of  concrete  or  masonry 
surfaces,  and  for  finish  coats  of  various  types. 
This  chapter  presents  recommended  proportions 
for  only  the  more  common  types  of  plastering 
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Figure  13-0.- Application  of  metal  lath. 
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situations.  In  the  following  sections,  1  part  of 
cementitious  material  means  1001b  (1  sack) 
gypsum,  100  lb  (2  sacks)  hydrated  lime,  1  cu  ft 
lime  putty,  or  941b  (1  sack)  portland  cement. 
One  part  of  aggregate  means  1001b  sand  or 
1  cu  ft  vermiculite  or  perlite.  Vermiculite  and 
periite  are  NOT  used  with  lime  plaster; 
therefore,  while  aggregate  parts  given  for 
gypsum  or  Portland  cement  plaster  may  be 
presumed  to  refer  to  either  sand  or 
vermiculite/perlite,  aggregate  parts  given  for  lime 
plaster  means  sand  only. 

BASE  COAT  PROPORTIONS 

TWO-COAT  plaster  work  consists  of  a  single 
base  coat  and  a  finish  coat.  THREE-COAT 
plaster  work  consists  of  two  base  coats  (the  first 
is  called  the  SCRATCH  coat,  and  the  second  the 
BROWN  coat)  and  a  finish  coat. 

Portland  cement  plaster  can  NOT  be  applied 
to  a  gypsum  base.  Lime  plaster  can  in  theory, 
but  in  practice,  only  gypsum  plaster  is  applied  to 
gypsum  lath  as  a  base  coat.  For  two-coat  work 
on  gypsum  lath,  the  recommended  base  coat 
proportions  for  gypsum  piaster  are  1:2.5* 

For  two-coat  work  on  a  masonry  {using  this 
term  to  me  n  either  monolithic  concrete  or 
masonry)  base  the  recommended  base  coat 
proportions  are  as  follows: 

Gypsum  plaster:  1:3 

Ume  plaster  using  hydrated  lime:  1:7.5 

Lime  plaster  using  lime  putty:  1:3.5 

Portland  cement  plaster  is  NOT  used  for 
two-coat  work,  and  two-coat  work  is  NOT 
usually  done  on  metal  lath. 

For  three-coat  work  on  gypsum  lath  the 
recommended  base  coat  proportions  for  gypsum 
plaster  are:  scratch  coat  1:2,  brown  coats  1:3;  or 
bothcoats,l:2.5. 

For  three-coat  work  on  metal  lath  the 
recommended  base  coat  proportions  are  as 
follows: 

Gypsum  plaster:  same  as  for  three-coat  work 
on  gypsum  lath 


^/lime  plastu  using  hydrated  lime:  scratch 
1:6.75,  brown  1:9 
Lime  plaster  using  lime  putty:  scratch  1:3, 
brown  1:4 

Portland  cement  plaster:  both  coats  1:3  to 
1:5 

For  three-coat  work  on  a  masonry  base,  the 
recommended  base  coat  proportions  are  as 
follows: 

Gypsum  plaster:  both  coats  1:3 
Portland  cement  plaster:  both  coats  1:3  to 
1:5 

Lime  plaster  is  NOT  usually  used  for 
three-coat  work  On  a  masonry  base. 


FINISH  COAT  PROPORTIONS 


A  lime  finish  may  be  applied  over  a  lime, 
gypsum,  or  portland  cement  base  coat;  other 
finishes,  however,  should  be  applied  only  to  base 
coats  containing  the  same  cementitious  material. 
A  gypsum-vermiculite  finish  should  be  applied 
only  to  a  gypsum-vermiculite  base  coat. 

Finish  coat  proportions  vary  according  to 
whether  the  surface  is  to  be  finished  with  a 
TROWEL  or  with  a  FLOAT.  These  tools  are 
described  later.  The  trowel  attains  a  smooth 
finish;  the  float  attains  a  texture  finish* 

For  a  trowel-finish  coat  using  gypsum 
plaster,  the  recommended  proportions  are 
2001b  hydrated  lime  or  5  cuft  lime  putty  to 
1 00  lb  gypsum  gauging  plaster. 

For  a  trowel-finish  coat  using  lime-Keene's 
cement  plaster,  the  recommended  proportions 
are,  for  a  medium-hard  finish,  501b  hydrated 
lime  or  1001b  lime  putty  to  1001b  Keene's 
cement.  For  a  hard  finish,  the  recommended 
proportions  are  25  lb  hydrated  lime  or  501b 
lime  putty  to  1001b  Keene's  cement. 

For  a  trowel-finish  coat  using  lime^portland 
cement  plaster,  the  recommended  proportions 
are  200  lb  hydrated  lime  or  5  cu  ft  lime  putty  to 
94  lb  portland  cement. 
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For  a  finish  coat  using  portland  cement- 
sand  plaster,  the  recommended  ingredient 
proportions  are  3001b  sand  to  941b  portland 
cement  This  plaster  may  be  either  trowled  or 
floated.  Hydrated  lime  up  to  10  percent  by 
weight  of  the  portland  cement,  or  lime  putty  up 
to  25  percent  of  the  volume  of  the  portland 
cement,  may  be  added  as  a  plasticizer. 

For  a  troweMinish  coat  using  gypsum  gaging 
or  gypsum  neat  plaster  and  vermiculite  aggregate 
the  recommended  proportions  are  1  cu  ft 
vermiculite  to  100  lb  plaster. 

Recommended  proportions  for  various  types 
of  float-finish  coats  are  as  follows: 

Lime  putty  2:  Keene  s  cement  1.5:  sand  4.5, 
by  volume 

Hydrated  lime  1:  gypsum  gaging  plaster  1.5. 

sand  2.3,  by  weight 
Hydrated  lime  2i  portland  cement  1:  sahd 

2.5,  by  weight 
Lime  putty  1:  sand  3,  by  volume 
Gypsum  neat  plaster  1 :  sand  2,  by  weight 


PLASTER  QUANTITY 
ESTIMATES 


The  total  volume  of  plaster  required  for  a 
job  is  the  product  of  the  thickness  of  the  plaster 
times  the  net  area  to  be  covered.  Plaster 
specifications  state  a  minimum  thickness,  which 
the  plasterer  must  not  go  under,  and  which 
should  be  exceeded  as  little  as  possible,  because 
a  tendency  to  cracking  increases  with  thickness. 
Specified  minimum  thickness  for  gypsum  plaster 
on  metal  lath,  wire  lath,  masonry  /concrete  walls, 
and  masonry  ceilings  is  usually  5/8  in.;  for 
gypsum  lath,  it  is  1/2  in.;  for  monolithic 
concrete  ceilings,  it  is  3/8  in.  For  interior  lime 
plaster  on  metai  lath  (3-coat  work),  the  specified 
minimum  thickness  is  usually  7/8  in.;  for 
exterior  lime  plaster  on  metal  lath,  it  is  1  in.  For 
lime  plaster  on  interior  masonry  walls/ceilings, 
the  minimum  thickness  is  5/8  in.,  for  exterior 
lime  plaster  on  masonry,  it  is  3/4  in.  For  lime 
plaster  on  interior  concrete  ceilings,  the 
minimum  thickness  is  1/16  in.  to  1/8  in.;  for 


interior  wails,  5/8  in.  For  lime  plaster  on 
exterior  concrete,  the  minimum  thickness  is 
3/4  in.  For  portland  cement  plaster,  either 
interior  or  exterior,  recommended  thicknesses 
are  3/8  in.  for  each  base  coat  (3-coat  work)  and 
1/8  in.  for  the  finish  coat. 

It  has  been  found  that  it  takes  about 
38  cu  ft  of  raw  materials  to  make  1  cu  yd  of 
mortar.  In  using  the  38  calculating  rule  for 
mortar,  take  the  rule  number  and  divide  it  by 
the  sum  of  the  quantity  figures  specified  in  the 
mix*  For  example,  when  the  building 
specifications  call  for  a  1:3  mix  for  mortar, 
1+3  =  4,  38  +  4*9  U2.  You  will  then  need 
9  1/2  bags  or  9  1/2  cu  ft  of  cement.  In  order  to 
calculate  the  amount  of  fine  aggregate  (sand), 
you  simply  multiply  9  1/2  by  3.  The  product  of 
28  1/2  cu  ft  is  the  amount  of  sand  you  need  to 
mix  1  cu  yd  of  mortar  using  a  1:3  mix.  The  sum 
of  the  two  required  quantities  should  equal  the 
calculating  rule  38.  £||erefore,  you  can  always 
check  in  order  to  see  if  you  are  using  the  correct 
amounts.  In  the  above  example,  9  1/2  bags  of 
cement  plus  28  1/2  cu  ft  of  sand,  equal  38. 

Materials  needed  for  mixing  lOOsqft  of 
plaster  or  stucco  are  shown  in  table  13-1 . 

MIXING  PLASTER 
BY  HAND 

For  mixing  plastei  by  hand,  the  equipment 
consists  of  a  flat,  shallow-sided  MIXING  BOX 
and  a  hoe,  the  hoe  usually  has  a  perforated 
blade.  Mixed  plaster  is  transferred  from  the 
mixing  box  to  a  MORTAR  BOARD,  similar  to 
the  one  used  in  bricklaying.  The  personnel 
applying  the  plaster  pick  it  up  from  the  mortar 
board. 

In  hand  mixing,  the  dry  ingredients  are  first 
placed  in  the  mixing  box  and  thoroughly  mixed 
until  a  uniform  color  is  obtained.  The  pile  is 
then  coned  up  and  troughed,  and  the  water  is 
mixed  as  it  is  in  hand  concrete  mixing.  Mixing  is 
continued  until  the  materials  have  been 
thoroughly  blended  and  proper  consistency  has 
been  attained.  With  experience,  a  person 
acquires  a  "feel"  for  proper  consistency.  Mixing 
should  NOT  be  continued  for  more  than  10  or 
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Table  13-1.-Pl8«er  end  Stucco;  Materials  Per  100  Square  Feet 


Thick- 

Mortar 

Cement-Sand  Mixes 

ness 

(Cu  Ft) 

(In.) 

1:1 

1:1  1/2 

1:2 

1:2  1/2 

1:3 

Cement 

Sand 

Cement 

Sand 

Cement 

Sand 

Cement 

Sand 

Cement 

Sand 

Bags 

(Cu  Ft) 

Bags 

(Cu  Ft) 

Bags 

(Cu  Ft) 

Bags 

(Cu  Ft) 

Bags 

(Cu  Ft) 

1/4 

2.08 

1.3 

1,3 

1.1 

1,7 

1.0 

2.0 

0.9 

2.3 

0.8 

2.4 

3/8 

3.12 

2.0 

2.0 

1.7 

2fi 

1.5 

3.0 

1.3 

3.3 

1.1 

3.3 

1/2 

4.17 

2.7 

2.7 

2.3 

3.5 

2.0 

4,0 

1.7 

4.3 

1.5 

4.5 

3/4 

6.25 

4.0 

4.0 

3.4 

5.1 

2.9 

5.8 

2.6 

6.5 

2.3 

6.9 

1 

8.33 

5.3 

5.3 

4.5 

_ 

6.8 

3.9 

7.8 

3.4 

8.5 

3.0 

9.0 

15  minutes  after  the  materials  have  been 
thoroughly  blended,  because  excessive  agitation 
may  hasten  the  rate  of  solution  of  the 
cementitious  material  and  thereby  cause 
accelerated  set. 

Finish-coat  lime  plaster  is  usually 
hand-mixed  on  a  small  5  by  5  ft  mortar  board 
called  a  FINISHING  BOARD.  If  the  lime  used  is 
hydrated  lime,  it  is  first  converted  to  lime  putty 
by  soaking  in  an  equal  amount  of  water  for  16 
hours.  In  mixing  the  plaster,  the  lime  putty  is 
first  formed  into  a  ring  on  the  finishing  board. 
Water  is  then  poured  into  the  ring,  and  the 
gypsum  or  Keene's  cement  is  then  <if£ed  into  the 
water  to  avoid  lumping.  The  mix  is  allowed  to 
stand  for  t  minute,  after  which  the  materials  are 
thoroughly  blended.  Sand,  if  it  is  to  be  used,  is 
then  added  and  mixed  in. 


MIXING  PLASTER 
BY  MACHINE 


A  piaster  mixing  machine  (fig.  13-7)  consists 
primarily  of  a  metal  DRUM  containing  MIXING 
BLADES,  mounted  on  a  chassis  equipped  with 
wheels  for  road  towing.  Mixing  is  accomplished 
either  by  rotation  of  the  drum  or  by  rotation  of 
the  blades  inside  the  drum.  Discharge  into  a 


wheelbarrow  or  olhei  receptacle  is  usually 
accomplished  by  tilting  the  drum. 

Steps  in  the  machine  mixing  of  gypsum 
plaster  are  as  follows: 

For  job-mixed  gypsum  plaster: 

1 .  Put  in  the  approximate  amount  of  water 
Approximate    water    amounts    for  various 
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Figure  13-7.-Plorter  mix  in?  machine. 
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gypsum-aggregate  proportions  and  the  common 
aggregates  are  as  follows: 


Aggregate 

Gy  psum-Aggrcgate 
Proportions 

1:2 

1:2.5 

1:3 

Sand 

6.8  gal 

7.4  gal 

8.2  gal 

Perl  it  c 

7.7  gal 

8.5  gal 

9.1  gal 

Vermicuhte 

9.0  gal 

10.0  gal 

10.1  gal 

2.  If  sand  is  used,  add  approximately 
one-half  of  the  aggregate.  If  pcrlitc  or 
vermicuhte  is  used,  add  alt  the  aggregate. 

3.  Add  all  the  cementitious  material. 

4.  Add  the  remainder  of  the  sand  aggregate. 

5-  Mix  to  the  required  consistency,  adding 
more  water  IF  NECESSARY. 

For  ready-mix  gypsum  plaster: 

K  Put  in  the  approximate  amount  of  water 
as  prescribed  by  manufacturer's  instructions 
printed  on  the  sack* 

2.  Add  the  plaster 

3-  Mix  to  the  required  consistency,  adding 
water  IF  NECESSARY. 

bor  machine  mixing  of  lime  and  port'and 
cement  plaster,  place  the  dry  ingredients  in  the 
drum  first  and  mix  dry1  until  a  uniform  color  u> 
attained  Then  add  the  water  and  mix  to  the 
required  consistency.  Approximate  water 
amount  is  8  ga!  per  1001b  of  cementitious 
material. 

It  is  generally  recommended  that  the  mixer 
be  allowed  to  run  longer  than  3  minutes  after  all 
materials  have  been  added. 


SAFE  HANDLING 
OF  MATERIALS 

Personnel  handling  cement  or  lime  bags 
should  wear  goggles  and  snug*fitting  neckbands 
and  wristbands.  They  should  always  practice 
personal  cleanliness  and  NEVER  wear  clc-thing 
that  has  become  hard  and  stiff  with  cement. 
Such  clothing  irritates  the  skin  and  may  cause 
serious  infection.  Any  susceptibility  of  their  skin 
to  cement  and  lime  burns  should  be  reported. 
Personnel  who  are  allergic  to  cement  or  lime 
should  be  transferred  to  other  jobs. 

Bags  of  cement  or  lime  should  NOT  be  piled 
more  than  10  bags  high  on  a  pallet  except  when 
stored  in  bins  or  enclosures  built  for  such 
purposes.  The  bags  around  the  outside  of  the 
pallet  should  be  placed  with  the  tops  of  the  bags 
facing  the  center.  To  prevent  piled  bags  from 
falling  outward,  the  first  five  tiers  of  bags,  each 
way  from  any  corner,  must  be  be  crosspiled  and 
a  setback  made  commencing  with  the  sixth  tier. 
If  necessary  to  pile  above  the  tenth  tier,  another 
setback  must  be  made.  The  back  tier,  when  not 
resting  against  a  wall  of  sufficient  strength  to 
withstand  the  pressure,  should  be  setback  one 
bag  every  five  tiers,  the  same  as  the  end  tiers. 

During  unpiling,  the  entire  top  of  the  pile 
should  be  kept  level  and  the  necessary  setbacks 
every  five  tiers  maintained. 

Lime  and  cement  must  be  stored  in  a  dry 
place  to  help  prevent  lime  from  crumbling  and 
the  cement  from  hydrating  be  ore  it  is  used. 


APPLYING  PLASTER 

To  attain  complete  structural  integrity,  a 
plaster  layer  must  be  uniform  in  thickness;  also, 
a  plane  plaster  surface  must  be  flat  enough  to 
appear  flat  to  the  eye  and  to  receive 
surface-applied  materials,  such  as  casings  and 
other  trim,  without  the  appearance  of  noticeable 
spaces.  Specified  flatness  tolerance  is  usually 
1/8  in.  in  10  ft. 

PLASTERING  TOOLS 

Steel  TROWELS  are  used  to  apply,  spread, 
and  smooth  plaster.  The  shape  and  size  of  the 
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Figura  13-8  Raftering  trowel*. 


blade  of  a  trowel  is  determined  by  the  purpose 
for  which  the  tool  is  used  and  manner  of  using 
it. 

The  four  common  types  of  plastering 
trowels  are  shown  in  figure  i3-8.  The 
RECTANGULAR  TROWEL,  with  a  blade 
approximately  4i/2in*  wide  by  II  in.  long, 
serves  as  the  principal  conveyor  and  manipulator 
of  plaster*  The  POINTING  troweL  2  in*  wide  by 
about  10  in.  long*  is  designed  for  use  in  places 
where  the  rectangular  trowel  will  not  fit.  The 
MARGIN  trowel  is  another  smaller  trowel, 
similar  to  the  pointing  trowel,  but  with  a  square 
rather  than  a  pointed  end.  The  ANGLE  trowei  is 
used  for  finishing  comer  angles  formed  by 
adjoining  right-angle  plaster  surfaces. 

The  HAWK  (fig.  13-9)  is  a  square, 
lightweight  sheet  metal  platform  with  a  vertical 
central  handle*  used  for  carrying  mortar  from 
the  mortar  boand  to  the  Place  where  it  is  to  be 
applied.  The  plaster  Js  then  removed  from  the 
hawk  with  the  trowel.  The  size  of  a  hawk  varies 
from  a  10  in.  square  to  a  14  in.  square. 

The  FLOAT  is  glided  over  the  surface  of  the 
plaster  to  fill  voids  and  hollows,  to  level  bumps 
left  by  pievious  operations,  and  to  impart  a 


117,76 

Figure  13-9.-Hswk, 


texture  to  the  surface.  Common  types  of  floats 
are  shown  in  figure  13-10,  The  WOOD  float  has 
a  wood  blade,  the  ANGLE  float  a  stainless  steel 
or  aluminum  blade.  The  SPONGE  float  is  faced 
with  foam  rubber  or  plastic,  intended  to  attain  a 
certain  surface  texture.  A  CARPET  float  is 
similar  to  a  sponge  float,  but  faced  with  a  layer 
of  carpet  material.  A  CORK  float  is  faced  with 
cork, 

A  float  blade  is  4  or  5  in.  wide  and  about 
1 0  in.  long. 

The  ROD  or  STRAIGHTEDGE  consists  of  a 
wood  or  lightweight  metal  blade  6  in.  wide  by 
from  4  to  8  ft  long.  This  is  the  first  tool  used  in 
leveling  and  straightening  applied  plaster 
between  the  grounds.  A  wood  rod  has  a  slot  for 
a  handle  cut  near  the  center  of  the  blade.  A 
metal  rod  usually  has  a  shaped  handle  running 
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Figure  13*10.— Plana  ring  floats. 
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ROD  OR  STRAIGHTEDGE 


F£ATHEPEDG£ 

"  117.77 

Figure  13-11.-Rod  or  straightedge  and  featheredge* 


the  length  of  the  blade.  A  wood  rod  is  shown  in 
figure  13-1 K 

The  FEATHEREDGE  (fig.  13-11)  is  similar 
to  the  rod,  except  that  the  blade  tapers  to  a 
sharp  edge.  It  is  used  to  cut  in  corners  and  to 
shape  sharp,  straight  lines  at  comer  lines  of 
intersection. 

The  DARBY  (fig.  13-12)  is,  in  effect,  a  float 
with  an  extra-long  (3  1/2  to  4  ft)  blade, 
equipped  with  handles  for  two-handed 
manipulation.  It  is  used  for  further  straightening 
of  the  base  coat  after  rodding  is  completed*  to 
level  plaster  screeds,  and  to  level  finish  coats. 
The  blade  of  the  darby  is  held  near!}  flat  against 
the  plaster  surface,  and  in  such  a  way  that  the 
line  of  the  edge  makes  an  angle  45°  with  the  line 
of  direction  of  the  stroke.  # 

When  a  plaster  surface  is  being  leveled,  the 
leveling  tool  must  move  over  the  plaster 
smoothly.  If  the  surface  is  too  dry,  lubrication 
must  be  provided  by  moistening.  In  base  coat 


operations,  this  is  accomplished  by  dashing  or 
brushing  water  on  with  a  watewiarrying  brush 
called  a  BROWNING  brush.  This  is  a 
fine-bristled  brush  about  4  or  5  in.  wide  and 
2  in.  thick,  with  bristles  about  6  in.  long.  For 
finish  coat  operations  a  FINISHING  brush  with 
softer,  more  pliable  bristles  is  used. 

The  SCARIFIER  (fig.  13-13),  is  a  tool  that 
leaves  furrows  by  raking  approximately  l/S^ui. 
deep,  1/8  in.  wide,  and  1/2  to  3/4  in.  apart.  The 
frrrows  are  intended  to  improve  the  bond 
between  the  scratch  coat  an£  the  brown  coat. 

A  MECHANICAL  TROWEL  (often  called  a 
POWER  TROWEL)  Is  an  electrically  operated 
rotating  trowel  which  weighs  about  6  Id  and 
resembles  a  6-bladed  fan.  There  are  usually  two 
sets  of  blades,  one  more  flexible  than  the  other. 
The  flexible  set  is  used  for  preliminary 
troweling,  and  the  stiffer  set  for  final  troweling. 
Mechanical  troweling  can  be  done  to  within 
1/2  in.  of  corner  angles,  leaving  the  angles  to  be 
finished  by  angle  troweling. 

There  are  two  types  of  PLASTERING 
MACHINES.  The  WET  MIX  PUMP  carries  mixed 
plaster  from  the  mixing  machine  to  a  hose 
nozzle.  The  DRY  MIX  machine  carries  dry 
ingredients  to  a  mixing  nozzle  where  water 
under  pressure  combines  with  the  mix  and 
provides  spraying  force.  Most  plastering 
machines  are  of  the  wet  mix  pump  variety.  — 

A  wet  mix  pump  may  be  of  the  WORM 
DRIVE,  PISTON  PUMP,  or  HAND  HOPPER 


117.78 


Figure  13-12*-Daiby. 


Figure  13*1 3, -Scarifier. 
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type.  In  a  worm  dnve  machine,  mixed  plaster  is 
fed  into  a  hopper  and  forced  through  the  hose 
to  the  nozzle  by  the  screw  action  of  a  rotor  and 
stator  assembly  in  the  neck  oi  the  machine.  A 
machine  of  this  type  has  a  hopper  capacity  of 
from  3  to  5  cu  ft,  and  jan  deliver  from  0.5  to 
2cu  ft  of  plaster  per  minute. 

On  a  piston  pump  machine,  a  hydraulic, 
air-operated,  or  mechanically  operated  piston 
supplies  the  force  for  moving  the  wet  plaster.  On 
a  hand-hopper  machine  the  dry  ingredients  are 
placed  in  a  hand-held  hopper  just  above  the 
nozzle.  Hopper  capacity  is  usually  around 
t/lOcu  ft-  These  machines  are  used  principally 
for  applying  finish  plaster. 

Machine  application  cuts  down  on  the 
requirements  for  the  use  of  the  hawk  and  trowel 
in  initial  plaster  application;  however,  the  use  of 
straightening  and  finishing  hand  tools  remains 
about  the  same  for  machine-applied  plaster. 

■PLASTERING  CREWS 

A  typical  plastering  cdjw  for  hand 
application  consists  of  a  crew  chief,  2  to  4 
plasterers,  and  2  to  4  TENDERS.  The  plasterers, 
under  the  crew  chiefs  supervision,  set  all  levels 
and  lines  and  apply  and  finish  the  plaster.  The 
tenders  mix  the  plaster,  deliver  it  to  *he 
plasterers,  construct  scaffolds,  handle  materials, 
and  do  cleanup  tasks. 

For  a  machine  application,  a  typical  crew 
consists  of  a  NOZZLEMAN  who  applies  the 
materia],  2  or  3  plasterers  leveling  and  finishing, 
and  2  or  3  tenders. 

APPUCATION 
OF  PLASTER 

Lack  of  uniformity  in  the  thickness  of  a 
plaster   coat    detracts   from   the  structural 
performance  of  the  piaster,  and  the  thinner  the 
£Qa£;  th£  smaller  the  permissible  variation  from 
/unftbrmity.  Specifications  usually  require  that 
f  ^faster  be  finished  "true  and  even,  within  1/8  in. 
ytolfirance  in  10  ft,  wtTKout  waves,  cracks,  or 
imperfections."  The  standard  of  1/8  in.  appears 
t<j^be  the  closest  practical  tolerance  to  which  a 


plasterer  can  work  by  the  methods  commonly  in 
use. 

The  importance  of  adhering  to  the 
recommended  minimum  thickness  for  the 
plaster  cannot  be  overstressed,  A  plaster  wall 
becomes  more  rigid  as  thickness  over  the 
minimum  recommended  increases— which  means 
in  effect  that  the  tendency  to  cracking  increases 
as  thickness  increases.  However,  tests  have 
shown  that  a  reduction  of  thickness  from  a 
recommended  minimum  of  1/2  in.  to  3/8  in., 
with  certain  plasters,  decreases  cracking 
resistance  by  as  much  as  60  percent,  while 
reduction  to  1/4  in.  decreases  it  as  much  as  82 
percent. 

Base  Coat  Application 

GYPSUM  BASE  COATS. -The  sequence  of 
operations  in  three-voat  gypsum  plastering  is  as 
follows: 

'1.  Install  the  plaster  base. 
2.  Attach  the  grounds. 
3-  Apply  the  scratch  coat  approximately 
3/16  in.  thick. 

4.  Before  tlie  scratch  coat  sets,  RAKE  and 
CROSS-RAKE. 

5.  Allow  the  scratch  coat  to  set  firm  and 

hard. 

6.  Apply  plaster  screeds  if  required. 

7.  Apply  the  brown  coat  to  a  depth  of  the 
screeds. 

8.  Using  the  screeds  as  guides,  straighten 
the  surface  with  a  rod. 

9.  Fill  in  any  hollows  and  rod  again. 

10,  Level  and  compact  the  surface  with  a 
darby;  then  rake  and  cross-rake  to  receive  the 
finish  coat. 

IK  Define  angles  sharply  with  angle  float 
and  featheredge,  and  trim  back  plaster  around 
grounds  so  that  finish  coat  can  be  apoUed  flush 
with  grounds. 

LIME  BASE  COATS.-Steps  for  lime  base 
coat  work  are  similar  to  the  steps  for  gypsum 
work,  except  that  for  lime  an  additional  floating 
is  required  the  day  after  the  brown  coat  is 
applied*  This  extra  floating  is  required  to 
increase  the  density  of  the  slab  and  to  fill  in  any 
cracks  which  may  have  developed  because  of 
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shrinkage  of  the  plaster.  A  wood  float  with  one 
or  two  nails  protruding  1/8  in.  from  the  sole 
(called  a  DEVILS  float)  is  used  for  the  purpose. 

Allow  the  brown  coat  to  dry  for  24  hours, 
then  float  the  surface  with  a  devif  s  float. 

PORTLAND  CEMENT  BASE  *  COATS. - 
Portland  cement  plaster  is  actually  cement 
mortar,  subject  to  the  control  procedures 
described  in  the  chapter  on  concreted  It  is 
usually  applied  in  three  coats,  the  steps  being 
the  same  as  those  described  for  gypsum  plaster. 
Minimum  recommended  thicknesses  are  usually 
scratch  coat  3/8  in.,  brown  coat  3/8  in*,  finish 
coat  1/8  in. 

Portland  cement  plaster  should  be  moist 
cured,  lil^e  concrete.  *The  best  ^.procedure  is 
^fog-spraying  curing.  The  scratch  dbat  should  be 
fog-spray  cured  for  48  hff tjjen  the  brown  coat 
for  the  same  interval.  The  finish  coat  should  not 
be  applied  for  atjea$t  7  days  aftgj  the  brown 
coat;  for  application,  it  TcoT  should  be 
spray-cured  for  hr. 

Finish  Ooai'AppftcaEbn 

Interior  plaster  may  be  %  Unished  by 
troweling,  floating,  or  spraying.  Troweling 
makes  a  smooth  finish,  floating  or  spraying 
makes  a  finish  of  a  desired  surface  texture. 

LIME  PUTTY*GYP5UM^TRC^VfeL.  FIN* 
ISH.-Finish  plaster  made  of  gypsum  gaging 
plaster  and  lime  putty  (called  WHITfc  COAT  or 
PUTTY  OOAT)  is  the  most  widelyfaied  material 
for  smooth  finish  coats.  A  putty  copt  is  usually 
applied  by  a,  team  of  two  or  more  personnel. 
Steps  are  as  follows: 

L  One  person  applies  plaster  at  the  angles. 

2*  Another  person  follows  immediately^ 
straightening   ihe    angles   with   $    rod  or 
featheredge.  ^7  * 

3,  The  remaining  surface  is  covered  with  a 
SKIM  coat  of  plaster.  Pressur^on  the  trowel 
must  be  sufficient  to  force  the  material  into  the 
rough  surface  of  the  base  coat,  to  insure  good 
bond. 

4,  The  surface  is  immediately  doubled  back 
to  bring  the  finish  coat  to  final  thickne^.  ^  A 

5,  All  angles  are  floated,  with  additional 
plaster  added  if  required  to  fill  hollows. 


6*  The  remaining  surface  is  floated,  and  all 
hollows  filled.  This  operation  is  called 
DRAWING  UP;  the  hollows  being  filled  are 
called  CAT  FACES. 

7.  The  surface  is  allowed  to  DRAW  for  a 
few  minutes.  As  the  plaster  begins  to  set,  the 
surface-water  glaze  disappears  and  the  surface 
becomes  dull.  At  this  point,  troweling  should 
begin.  The  plasterer  holds  the  water  brush  in  one 
hand  and  the  trowel  in  the  other,  so  troweling 
can  be  done  immediatel>  after  water  is  brushed 
on. 

^8.  Water  is  brushed  on  lightly  and  the 
entire  surface  is  rapidly  troweled,  with  enough 
pressure  fully  to  compact  the  finish  coat.  The 
troweling  operation  is  repeated  until  the  plaster 
Has  set. 

Tht  .-equence  of  steps  for  trowel  finishes  for 
other  types  of  fmish  PT  *er  are  about  the  same. 
Gypsum*finish  plash:  requires  less  troweling 
than  white-coat  plaster.  Regular  Kane's  cement 
requires  longer  troweling,  but  quickset  ting 
Keene*s  cement  requires  less.  Preliminary 
finishing  of  Portland  cement-sand  is  done  with  a 
wood  float,  after  which  the  steel  trowel  is  used. 
To  avoid  excessive  drawing  of  fines  to  the 
surface,  troweling  of  Portland  cemen  t-sand 
should  be  delayed  as  long  as  possible.  JF  or  the 
same  reason,  the  surface  must  not  be  troweled 
too  long. 

Steps  in  float  finishing  are  about  the  sajp^as 
those  ^described  for  trowel  finishing,  except,  of 
course  that  the  final  finish  is  obtained  with  the 
float.  A  surface  is  usually  floated  twice;  a  rough 
floating  with  a  wooden  float  first,  then  final 
floating  with  a  rubber  or  carpet  float.  The 
plasterer  applies  brush  water  with  one  hand 
while  the  float  in  the  other  hand  moves  in  a 
circular  motion  immediately  behind  the  brush. 

Some  special  interior*finish  textures  are 
obtained  otherwise  than  by  floating,  or  by 
procedures  used  in  addition  to  floating,  A  few  of 
these  are  as  follows: 

STIPPLED  FINISH.- After  the  finish  coat 
has  been  applied,  additional  plaster  daubed 
over  the  surface  with  a  stippling  brushy 

SPONGE  FINISH.-By  pressing  a  sponge 
against  the  surface  of  the  finish  coat,  a  very  soft, 
irregular  texture  can  be  obtained. 
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DASH  COAT  FINISH.-This  texture  is 
obtained  by  throwing  plaster  onto  the^urfaee 
from  a  brush.  It  produces  a  fairly  coarse  finish, 
which  can  be  modified  by  brushing  the  plaster 
with  water  before  it  sets, 

TRAVERTINE  F1N1SM>-The  plaster  is 
jabbed  at  random  with  a  whisk  broom,  wire 
brush,  or  other  tool  that  will  form  a  dimpled 
surface.  As  the  plaster  begins  to  set,  it  is 
troweled  intermittently  to  form  a  pattern  of 
rough  and  smooth  areas. 

PEBBLE  DASH. -This  is  a  rough  finish 
obtained  by  throwing  small  pebbles  or  crushed 
stone  against  a  newly  plastered  surface.  If 
necessary,  a  trowel  is  used  to  press  the  stones 
lightly  into  the  plaster 
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Figure  13- 14. -Masonry  (2-coet  work  directly  applied). 


APPLYING  STUCCO 

Stucco  is  tile  term  applied  to  plaster 
whenever  it  is  applied  on  the  exterior  of  a 
building  or  structure.  Stucco  can  be  applied  over 
wood  frames  or  masonry  structures.  The 
material  is  a  combination  of  cement  or 
masonry  cement,  sand,  and  water,  and  frequently 
a  plasticizing  material.  Color  pigments  are  also 
often  used  in  the  finish  coat,  which  is  usually  a 
factory  prepared  mix.  The  end  product  has  j|] 
the  desirable  properties  of  concrete,  It  is  hard, 
strong,  fire  resistant>  weather  resistant,  does  not 
deteriorate  after  repeated  wetting  and  drying, 
resists  rot  and  fungus,  and  retains  colors> 

The  material  used  in  a  stucco  mix  should  be 
free  of  contaminants  and  unsound  particles. 
Type  I  normal  portland  cement  is  generally  used 
for  stucco,  although  type  II,  type  UK  and 
air-entraining  may  be  used.  The  plasticizing 
material  added  to  the  mi.x  js  hydrated  lime  and 
asbestos  fibers.  Mixing  water  should  be  clean. 
The  aggregate  used  in  cemen  t  stucco  can  greatly 
affect  the  quality  and  performance  of  the 
finished  product.  It  should  be  well  graded,  clean, 
and  free  from  loam,  clay,  or  vegetable  matter 
since  these  foreign  matenals  prevent  the  cement 
paste  from  properly  bidding  the  aggregate 
particles  together  The  project  specification 
should  be  followed  as  to  the  type  of  cemcm, 
lima,  and  aggregate  to  be  usjd. 


Metal  reinforcement  should  be  used 
whenever  stucco  is  applied  on  the  following, 
wood  frame,  steel  frame,  flashing,  masonry  ,  or 
any  surfaces  not  providing  a  good  bond- 

Stucco  may  be  applied  directly  on  masonry 
The  rough -floated  base  coat  is  approximately 
3/8  in,  thick.  The  finish  coat  is  approximately 
I  '4  in.  thick  <fig,  13-14),  On  open-frame 
construction  (fig,  13-15;.  nails  are  driven  1/2 
their  length  into  the  wood.  Splicing  should  be  5 
to  6  in.  oncenter  from  the  bottom  Nails  should 
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Figure  13-15. -Op«n  frame  construction. 
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be  placed  at  all  corners  and  openings  throughout 
the  entire  structure  on  the  exterior.  The  next 
step  is  to  place  wire  on  the  nails,  this  is  called 
installing  the  ;ine  wire.  Next,  a  layer  of 
waterproof  paper  is  applied  over  the  line  wire. 
Laps  should  be  3  to  4  in,  and  nailed  with  roofing 
nails.  Next,  install  wire  mesh  (stucco  netting), 
which  is  used  as  the  reinforcement  for  the 
stucco.  Furring  nails  are  used  to  hold  the  wire 
away  from  the  paper  to  a  thickness  of 
three-eighths  of  an  inch,  (Fig,  13-16.)  Stucco  or 
sheathed  form  construction  is  the  same  as  an 
open  frame,  except  no  line  wire  is  required.  The 
open  anu  sheathed  frame  construction  requires 
three  coats  of  3/8-in.  scratch  coat  horizontal!* 
scored  or  scratched,  a  3/8-in.  brown  coat,  and  a 
1/8-in,  finish  coat, 

PREPARATION  OF  BASE  AND 
APPLICATION  OF  STUCCO 

Stucco  should  be  applied  in  three  coats.  The 
first  coat  is  the  SCRATCH  coat,  the  second  the 
BROWN  coat,  and  the  final  coat  the  FINISH 
coat.  However,  on  masonry  where  no 
reinforcement  is  used,  two  coats  may  be 
sufficient.  Start  at  the  top  and  work  down  the 
wall.  This  will  eliminate  the  ball  of  mortar  from 
falling  on  the  completed  work.  The  first  or 


scratch  coat  should  be  pushed  through  the  mesh 
to  insure  that  the  metal  reinforcement  is 
completely  embedded  for  mechanical  bond.  The 
second  or  brown  coat  should  be  applied  as  soon 
as  the  scratch  coat  has  set  up  enough  to  cany 
the  weight  of  both  coats  (usually  about  4  or  5 
hours).  The  brown  coat  should  be  moist-cured 
for  about  48  hours  and  then  allowed  to  dry  for 
about  5  days.  Just  prior  to  the  application  of  the 
finish  coat,  the  brown  coat  should  be  uniformly 
dampened.  The  thir1  or  finish  coat  is  frequently 
pigmented  to  obtain  decorative  colors.  Although 
the  colors  may  be  job  mixed,  a  factory-prepared 
mix  is  recommended  The  finish  coat  may  be 
applied  by  hand  or  machine.  Stucco  finishes  are 
obtainable  in  an  unlimited  variety  of  textures, 
patterns,  and  colors. 

Before  the  various  coats  of  stucco  can  be 
applied,  the  surfaces  have  to  be  prepared 
properly.  Roughen  the  surfaces  of  masonry  units 
enough  to  provide  good  mechanical  key  and 
clean  off  paint*  oil,  dust,  soot,  or  any  other 
material  which  ma>  prevent  a  tight  bond.  Joints 
may  be  itruck  off  flush  or  slightly  raked.  Old 
walls  softened  and  disintegrated  by  weather 
action,  surfaces  that  cannot  be  cleaned 
thoroughly  (painted  brick-work,  etc),  and  all 
masonry  chimneys  should  be  covered  with 
galvanized  metal  reinforcement  before  applying 
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the  stucco.  When  masonry  surfaces  are  not 
rough  enough  to  provide  good  mechanical  key, 
one  or  more  of  the  following  actions  may  be 
taken. 

Old  cast-in-place  concrete  or  other  masonry 
may  be  roughened  with  bush  hammers  or  other 
suitable  hand  tools.  Roughen  at  least  70  percent 
of  the  surface*  with  the  hammer  marks 
uniformly  distributed.  Wash  the  roughened 
surface  free  of  chips  and  dust.  Let  the  wall  dry 
thoroughly. 

Concrete  surfaces  may  be  roughened  with  an 
acid  wash.  Use  a  solution  of  one  part  cf  muriatic 
acid  to  six  parts  of  water.  First  wet  the  wall  so 
that  the  acid  will  act  on  the  surface  only.  More 
than  one  application  may  be  necessary.  After 
the  acid  treatment,  :vash  the  wall  thoroughly  to 
remove  all  acid.  Allow  the  washed  wall  to  dry 
thoroughly* 

When  your  crewmembers  are  using  muriatic 
acid,  insure  that  they  wear  goggles,  rubber 
gloves*  and  other  protective  clothing  and 
equipment* 

Rapid  roughing  of  masonry  surfaces  may  be 
accomplished  by  the  use  of  a  power-driven 
machine  equipped  with  a  cylindrical  cage  fitted 
with  a  series  of  hardened  steel  cutters  (fig. 
13-17).  The  cutters  should  be  mounted  to 
provide  a  flailing  action  which  results  in  a  scored 
pattern.  After  roughing,  wash  the  wall  clean  of 
all  chips  and  dust  and  let  it  dry. 

Suction  is  absolutely  necessary  in  order  to 
attain  a  proper  bond  of  stucco  on  concrete  and 
masonry  surfaces.  It  is  a*so  necessary  in  first  and 
second  coats  so  that  the  following  coats  will 
bond  properly.  Uniform  suction  helps  to  obtain 
a  uniform  color  If  one  part  of  the  wall  draws 
more  moisture  from  the  stucco  than  another, 
the  finish  coat  may  be  spotty.  Obtain  uniform 
suction  by  dampening  the  wall  evenly,  but  not 
soaking,  before  applying  the  stucco.  The  same 
applies  to  the  scratch  and  brown  coats.  If  the 
surface  becomes  dry  in  spots,  dampen  those 
areas  again  to  restore  suction.  Use  a  fog  spray 
for  dampening. 

When  the  masonry  surface  is  not  rough 
enough  to  insure  adequate  bond  for  a 
trowel-applied-scraich  eoat,  use  the  dash 
method.  Acid-treated  surfaces  usually  require  a 
dashed  scratch  coat  Dashing  on  the  scratch  coat 
aids  in  getting  a  good  bond  by  excluding  air 
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Figure  13*17. -Power  driven  roughing  machine. 


which  might  get  trapped  behind  a  trowel-applied 
coat.  Apply  the  dash  coat  with  a  fiber  brush  or 
whisk  broom,  using  a  strong  whipping  motion  at 
right  angles  to  the  wall.  A  cement  gun  or  other 
machine  which  can  apply  the  dasli  coat  with 
considerable  force  will  produce  a  suitable  bond. 
Keep  the  dash  coat  damp  for  at  least  two  days 
immediately  following  its  application  and  then 
allow  it  to  dry. 

Protect  the  finish  coat  against  exposure  to 
sun  and  wind  for  at  least  six  days  after 
application.  During  this  time,  keep  the  stucco 
moist  by  frequent  fog-spraying. 

There  may  be  times  when  the  finish  is  not 
what  you  had  expected*  To  help  you  understand 
the  reasons  for  discoloration  and  stains  in 
stucco,  we  will  provide  some  reasons.  Some  of 
the  common  reasons  for  discoloration  and  stains . 
are  listed  below. 

I.  Failure  to  have  uniform  suction  in  either 
of  the  base  coats. 
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2.  Improper  mixing  of  the  finish  coat 
materials* 

3.  Changes  in  materials  or  proportions 
during  progress  of  the  work. 

4.  Variations  in  the  amount  of  mixing 
water. 

5.  Use  of  additional  water  to  rctemper 
mortar* 

6.  Corrosion  and  rust  of  flashings  or  other 
metal  attachments  and  failure  to  provide  drips 
and  washes  on  sills  and  projecting  trim  often 
cause  surface  stains. 

CONTROL  JOINTS 

Cracks  can  develop  in  stucco  through  many 
causes  or  combinations  of  causes,  such  as 
foundation  settlement,  shrinkage,  and  building 
movement.  It  is  difficult  to  prevent  cracking, 
but  this  can  be  largely  controlled  by  dividing  the 
area  into  rectangular  panels  every  20  ft  by 
means  of  metal-control  joints.  (See  fig.  13-18.) 
The  control  joint  is  also  used  where  frame 
construction  joins  masonry  construction. 

Grounds  are  wood  strips  of  uniform 
thickness  installed  around  all  openings  and  other 
places  where  trim  is  required.  They  serve  as  a 
guide  in  bringing  the  stucco  to  a  uniform 
thickness.  Temporary  wood  grounds  are  often 
used  in  gaging  the  thickness  of  scratch  and 
brown  coats  of  stucco. 


CERAMIC  TILE 

Ceramic  tile  can  be  set  in  a  bed  of  TILE 
MORTAR,   or  it  can  be  set  in   a  TILE 
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Figure  13-18. -Con troi  Jotnt. 


ADHESIVE  furnished  by  the  manufacturer.  The 
type  of  ceramic  tile  most  commonly  used  is 
3/8-in.-thick  GLAZED  INTERIOR  tile,  mostly 
in  4  l/4-in.  or  6-in.  squares.  Margins,  corners, 
and  base  lines  are  finished  with  TRIMMERS  of 
various  shapes.  Available  shapes  and  sizes  of 
trimmers  are  shown  on  a  TRIMMER  CHART 
provided  by  the  manufacturer. 

MORTAR  APPLICATION 

For  mortar  bed  setting  on  a  wall  with 
wooden  studs,  a  layer  of  waterproof  paper  is 
first  tacked  to  the  studs,  and  metal  lath  is  then 
nailed  on  over  the  paper.  The  first  coat  of 
mortar  applied  on  a  wall  for  setting  tile  is  a 
scratch  coat  and  the  second,  a  float,  leveling,  or 
a  brown  coat.  A  scratch  coat  for  application  as  a 
foundation  coat  must  be  NOT  less  than  I/4  in. 
thick  and  composed  of  1  part  cement  to  3  parts 
sand,  with  the  addition  of  lOpercent  hydrated 
lime  by  volume  of  the  cement  used.  While  still 
plastic*,  the  scratch  coat  is  deeply  scored  or 
scratched  and  cross  scratched.  The  scratch  coat 
should  be  protected  and  kept  reasonably  moist 
during  the  seasoning  period.  All  mortar  for 
scratch  and  float  coats  should  be  used  within  1 
hour  after  mixing.  The  retempering  of  partially 
hardened  mortar  will  NOT  be  permitted.  The 
scratch  coat  should  be  applied  not  more  than  48 
hours,  nor  less  than  24  hours,  before  starting  the 
setting  of  tile. 

The  float  coat  should  be  composed  of  1  part 
cement,  1  part  of  hydrated  lime,  and  3  l/2  parts 
sand.  It  should  be  brought  flush  with  screeds  or 
temporary  guide  strips,  so  placed  as  to  give  a 
true  and  even  surface  at  the  proper  distance 
from  the  finished  face  of  the  tile. 

Wall  tile  should  be  thoroughly  soaked  in 
clean  water  before  it  is  set.  It  is  set  by  troweling 
a  skim  coat  of  neat  Portland  cement  mortar  on 
the  float  coat,  or  applying  a  skim  coat  to  the 
back  of  each  tile  unit,  and  immediately  floating 
the  tile  into  place.  Joints  must  be  straight,  level, 
perpendicular,  and  of  even  width  not  exceeding 
1/16  in.  Wainscots  are  built  of  full  courses, 
which  may  extend  to  a  greater  or  lesser  height, 
but  in  no  case  more  than  1  1/2  in,  difference 
than  the  specified  or  figured  height.  Vertical 
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joints  must  be  maintained  plumb  for  the  entire 
height  of  the  tile  work 

All  joints  in  wall  tile  should  be  grouted  full 
with  a  plastic  mix  of  neat  white  cement  or 
commercial  tile  grout  immediately  after  a 
suitable  area  of  the  tile  has  been  set.  The  joints 
should  be  tooled  slightly  concave  and  the  excess 
mortar  cut  off  and  wiped  from  the  face  of  tile. 
Any  interstices  or  depressions  in  the  mortar 
joints  after  the  grout  has  been  cleaned  from  the 
surface  should  be  roughened  at  once  and  filled 
to  the  line  of  the  cushion  edge  (if  applicable) 
before  the  mortar  begins  to  harden.  Tile  bases  or 
coves  should  be  solidly  backed  with  mortar  All 
joints  between  wall  tile  and  plumbing  or  other 
built-in  fixtures  should  be  made  with  a 
light-colored  calking  compound.  Immediately 
after  the  grout  has  had  its  initial  set,  tile  wall 
surfaces  should  be  given  a  protective  coat  of 
noncorrosive  soan  or  other  approved  protection. 
Wall  tile  installed  over  existing  and  patched  or 
new  plaster  surfaces  in  an  existing  building  are 
completed  as  described,  except  that  such  W4II 
tile  is  applied  by  the  adhesive  method. 

Where  wall  tile  is  to  be  installed  in  areas 
subject  to  intermittent  or  continual  wetting,  the 
wall  areas  should  be  primed  as  recommended  by 
the  manufacturer  of  the  adhesive  used. 

ADHESIVE  APPLICATION 

Wall  tile  may  be  installed  either  by  the 
floating  method  or  by  the  buttering  method.  In 
the  floating  method,  apply  the  adhesive 
uniformly  over  the  prepared  wall  surface,  using 
quantities  recommended  by  the  adhesive 
manufacturer.  Use  a  notched  trowel  held  at  the 
proper  angle  to  insure  a  uniformly  spread 
coating  of  the  proper  thickness.  Touch  up  thin 
or  bare  *spots  by  an  additional  coating  of 
adhesive,  fhe  area  coated  at  one  time  should  not 
be  any  larger  than  that  recommended  by  the 
manufacturer  of  the  adhesive.  In  the  buttering 
method,  daub  the  adhesive  on  the  back  of  each 
tile  in  such  an  amount  that  the  adhesive,  when 


compressed,  will  form  a  coating  not  less  than 
1/16  in.  thick  over  60  percent  of  the  back  of 
each  tile. 

SETTING  TILE 

When  the  floating  method  is  used,  one  edge 
of  the  tile  ,  is  pressed  firmly  into  the  wet 
adhesive,  the  tile  snapped  into  place  in  a  manner 
to  force  out  all  air,  then  alined  by  using  a  slight 
twisting  movement.  Tite  should  not  be  shoved 
into  place.  Joints  must  be  cleaned  of  any  excess 
adhesive  to  provide  for  a  satisfactory  grouting 
job.  When  the  buttering  method  is  used,  tile  is 
pressed  firmly  into  place,  using  a  "squeegee" 
motion  to  spread  the  daubs  of  adhesive.  After 
the  adhesive  partially  sets,  but  before  it  is 
completely  dry,  all  tiles  must  be  realined  so  that 
face*  are  in  same  plane  and  joints  are  of  proper 
width,  with  vertical  joints  plumb  and  horizontal 
joints  level. 

The  adhesives  should  be  allowed  to  set  for 
24  hours  before  grouting  Is  done.  Joints  must  be 
cleaned  of  dust,  dirt,  and  excessive  adhesive,  and 
should  be  thoroughly  soaked  with  clean  water 
before  grouting.  A  grout  consisting  of  portland 
cement,  lime,  and  sand,  or  an  approved 
ready-mix  grout  may  be  used,  but  the  grout 
should  be  water  resistant  and  n  on  staining, 

Nonstaming  calking  compound  should  be 
used  at  all  joints  between  built-in  fixtures  and 
tile-work,  and  at  the  top  of  ceramic  tile  bases,  to 
insure  complete  waterproofing.  Interna]  comers 
should  be  calked  before  comer  bead  is  applied. 

Cracked  and  broken  tile  should  be  replaced 
promptly  to.  protect  the  edges  of  adjacent  tile 
and  to  maintain  waterproofing  and  appearance 
Timely  pointing  of  displaced  joint  materia]  and 
spalled  areas  in  joints  is  necessary  to  keep  tiles  in 
place. 

Newly  tiled  surfaces  should  be  cleaned  to 
remove  job  marks  and  dirt.  Cleaning  should  be 
done  according  to  the  tile  manufacturer's 
recommendations  to  avoid  damage  to  the  glazed 
surfaces. 
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PAINTS  AND  PRESERVATIVES 


As  a  Builder,  you  should  see  that  each  job  of 
painting  is  done  properly  so  it  will  not  be 
necessary  to  redo  the  job  before  it  would 
normally  be  required.  Also*  you  shoukt  insure 
that  the  best  possible  use  is  made  of  time, 
equipment*  and  material.  Thus*  it  becomes 
important  to  know  the  purpose  of  painting,  the 
techniques  of  preparing  surfaces  that  are  to  be 
painted,  and  the  techniques  of  painting  these 
surfaces. 


PURPOSES  OF  PAINTING 

To  eniploy  paint  materials  and  painting 
man-hours  effectively  and  economically,  the 
fundamental  purposes  of  painting  must  be  borne 
in  mind.  The  importance  of  each  of  these 
purposes  depends*  of  course*  on  the  particular 
surface  which  is  to  be  painted  The  following  is  a 
brief  discussion  of  each  of  these  fundamental 
purposes  of  painting. 


PREVENTIVE  MAINTENANCE 


The  primary  purpose  of  painting  is 
protection.  This  is  provided  initially  with  new 
construction  and  maintained  by  a  sound  and 
progressive  preventive  maintenance  program. 

Resistance  to  moisture  from  rain*  snow,  fee, 
and  condensation  constitutes  perhaps  the 
greatest  single  protective  characteristic  of  paint. 
Moisture  causes  metal  to  corrode  and  wood  to 
swell*  waip,  or  rot.  Interior  wall  finishes  of 
buildings  can  be  ruined  by  moisture  entering 
through   neglected  exterior  surfaces.  Porous 


masonry  is  attacked  and  destroyed  by  moisture. 
Therefore,  paint  films  must  be  as  impervious  to 
moisture  as  possible  to  provide  a  protective, 
waterproof  film  over  the  surface  to  which  they 
are  applied.  Paint  also  acts  as  a  protective  film 
against  attack  by  acids,  alkalies,  or  marine 
organisms. 

SANITATION  AND  CLEANLINESS 

Paint  coatings  provide  smooth  *  non- 
absorptive  surfaces  that  are  easily  washed 
and  kept  free  of  dirt.  Such  surfaces  tend  to 
prevent  foodstirrfs  from  adhering.  Adhering 
foodstuffs  harbor  germs  and  cause  disease.  The 
coating  of  rough  or  porous  areas  seals  out  dust 
and  grease  that  would  otherwise  be  difficult  to 
remove.  Therefore,  painting  is  an  essentia]  part 
of  the  general  maintenance  programs  for 
hospitals,  kitchens,  mcsshalls,  offices, 
warehouses,  and  living  quarters. 

FIRE  RETARDANCE 

Certain  paints  delay  the  spread  of  fire  and 
assist  in  confining  the  fire  to  the  area  of  its 
origin.  Tfas  allows  more  time  for  firefighting 
equipment  to  arrive  to  extinguish  the  fire  before 
it  gets  out  of  control.  Fire-retardant  paints 
should  not  be  considered  as  substitutes  for 
conventional  paints.  The  use  of  fire-re  tarda  nt 
paint  is  restricted  to  areas  of  highly  combustible 
surfaces, 

CAMOUFLAGE 

Camouflage  paints  have  special  properties 
which  are  different  from  conventional  paints 
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and  their  uses  are  limited  to  special  applications. 
You  should  not  use  camouflage  paints  as 
substitutes  for  conventional  paints. 

ILLUMINATION  AND  VISIBILITY 

White  and  light-tinted  paints  applied  to 
ceilings  and  walls  reflect  both  natural  and 
artificial  light  and  help  brighten  rooms  and 
increase  visibility.  On  the  other  hand,  darker 
colors  reduce  the  amount  of  reflected  light.  Flat 
paints  diffuse,  soften,  and  evenly  distribute 
illumination*  whereas  gloss  finishes  reflect  more 
like  minor*  and  may  create  glare.  Color 
contrasts  improve  visibility  of  the  painted 
surface,  especially,  when  the  paint  is  applied  in 
distinctive  patterns.  For  example*  white  on 
black*  white  on  orange*  or  yellow  on  black  can 
be  seen  at  greater  distances  than  single  colors  or 
other  combinations  of  colors. 

IDENTIFICATION  AND  SAFETY 

Certain  colors  are  used  as  standard  means  of 
identifying  objects  and  promoting  safety.  For 
example,  fire-protection  equipment  is  painted 
red.  Containers  for  kerosene,  gasoline,  solvents 
and  other  flammable  liquids  should  be  painted  a 
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Figure  14-2.— Wood  scraper. 

brilliant  YELLOW  and  marked  with  large 
BLACK  !uterb  to  identify  their  content:.  The 
colors  of  signal  lights  and  painted  signs  help  to 
control  traffic  safely  by  providing  directions  and 
other  travel  information. 
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Table  14-1.— Abrattve  QtH  Number  Compsri*onr 


Garnpf  anrl 
Aluminum  Oxide 

Flint 

Superfine 

10/0-400 

Extra  fine 

9/0-300 

8/0-280 

7/0-240 

Very  fine 

6/0-220 

4/0 

5/0-180 

3/0 

4/0-150 

2/0 

Fine 

3/0-120 

2/0-100 

0 

Medium 

0-80 

1/2 

1/2-60 

1 

Coarse 

1-50 

1  1/2 

1  1/2-40 

Very  Coarse 

2-36 

2  1/2 

2  1/2-30 

3 

3-24 

TOOLS  AND  EQUIPMENT 

It  is  important  for  you  to  know  how  to  use 
the  tools  and  equipment  that  are  required  in 
preparing  surfaces  for  painting  and  in  painting 
the  surfaces.  Of  the  i  ny  types  of  painting  tools 
and  equipment,  the  ones  commonly  used  in  the 
Navy  are  discussed  in  this  chapter  You  will  also 


find  information  on  surface  preparation, 
application  of  paint  by  brush,  and  care  of 
paintbrushes  in  BASIC  MILITARY  REQUIRE* 
MENTS,  NAVEDTRA  10054-D. 

SCRAPERS 

Scrapers  are  used  for  various  purposes. 
Figure  14-1  shows  a  scraper  for  removing 
deteriorated  paint.  With  the  scraper  shown  in 
figure  l4-24  you  can  remove  plane  marks  and 
mill  marks  made  by  wood-working  machines. 
The  scraper  shown  in  figure  14-3  can  also  be 
used  to  remove  mfll  marks, 

ABRASIVES 

Abrasives  are  comnonly  used  in  preparing  a 
surface  for  painting,  Ihey  are  glued  or  bonded 
to  sheets,  belts,  and  disks  of  paper  or  fiber  cloth, 
Flint,  garnet,  emery,  and  silicon  carbide  are 
popular  kinds  of  abrasives.  Hand  sanding  is  done 
with  flint  znd  garnet;  flint  costs  less  but  it  dulls 
and  wears  quicker  than  garnet,  Emery  is  used 
mainly  for  metal  polishing  and  rust  removal, 
silicon  carbide  for  wet  or  dry  sanding  of 
lacquers  and  plastics.  Manufacturers  label  their 
abrasives  fine,  medium,  coarse,  and  so  on.  Table 
14-1  shows  the  corresponding  numbers  and  grit 
comparisons.  Table  14*2  is  a  guide  for  selecting 
the  correct  kind  and  size  of  abrasive. 
Information  contained  in  these  tables  may  vary 
depending  on  the  manufacturer. 


Table  1 4-2.-S«[ectiftfl  Proper  Abrasives 


Abrasive 

Coarse 

Medium 

Fine 

Use 

Aluminum 
Oxide 

2  1/2-1  i/2 
1  1/2 
1  1/2-1 
3-2  1/2 

1/2-0 
1/2-0 

0-2  1/2 
1/2-0 

2/0-3/0 
2/0 

2/0-3/0 
2/0 

Hardwood 
Aluminum 
Copper  - 
Steel  &  Sheet  Metal 

Garnet 

2  1/2-1  1/2 
1  1/2-1 

1/2-0 
0 

2/0^3/0 
2/0 

Hardwood 
Softwood 

Flint 

3-1  1/2 

1/2-0 

Removing  paint  and 
rough  scale 

14-3 


528 


BUILDER  3  &  2 


As  an  abrasive,  metallic  wool  (steel  wool) 
has  many  uses.  It  is  obtainable  in  six  grades,  as 
shown  by  table  14*3, 

I  n  addition  to  the  abrasives  already 
mentioned,  there  are  powdered  abrasives,  such 
as  pumice  stone,  rottenstone,  and  jeweler's 
rouge.  Powders  are  used  on  wood  furniture  to 
obtain  a  smooth  finish  between  coats  or  to 
obtain  a  fine  finish,  and  to  polish  metal  surfaces. 


BRUSHES 


Brushes,  as  with  other  tools,  must  be  of  first 
quality^  and  maintained  in  perfect  working 
condition  at  all  times.  Brushes  are  identified 
first,  by  the  type  of  bristle  usei  brushes  are 
made  with  natural,  synthetic,  or  mixed  bristles, 
Chinese  hog  bristle  represents  the  finest  of  the 
natural  bristles  because  of  its  length,  durability, 
and  resiliency.  Due  to  a  unique  characteristic, 
called  flagging,  bristle  ends  fork  out  like  tree 
branches.  Flagging  permits  more  paint  to  be 
carried  on  a  brush  and  leaves  finer  brush  marks 
on  the  painted  surface  which  flow  together  more 
readily  resulting  in  a  smoother  finish.  Horsehair 
is  not  a  good  substitute  for  hog  bristle. 
Compared  to  hog  bristle,  horsehair  quickly 
becomes  limp,  holds  far  less  paint,  and  does  not 
spread  paint  as  well.  The  ends  of  horsehair  do 


Table  14-3,-&lecting  Steel  Woof 


GRADE 

USE 

Very  Rn£ 

000 

FInai  Smoothing 

00 

Between  Coatings  (with  oil) 

Fine 

0 

Most  Commonly  Used 

Medium 

1 

General  Purpose 

2 

Rough  Work 

Coarse 

3 

Restoration  Work 

not  flag  so  that  brush  marks  left  on  painted 
surfaces  tend  to  be  coarse  and  do  not  level  out 
smoothly.  Some  brushes  contain  a  mixture  of 
hog  bristle  and  horsehair,  and  their  quality 
depends  upon  the  percentage  of  each  type  used. 
Animal  hair  is  used  in  very  fine  brushes  for 
special  purposes.  Badger  hair,  for  example, 
produces  a  particularly  good  varnish  brush. 
Squirrel  and  sable  hair  make  good  stripping, 
lining,  lettering,  and  freehand  art  brushes. 

Of  the  synthetics  used  for  brushes,  nylon  is 
by  far  the  most  common.  By  artificially 
"exploding"  the  ends  and  kinking  the  fibers, 
manufacturers  have  increased  the  paint  load 
nylon  can  cany  and  have  reduced  the  coarseness 
of  brush  marks*  Nylon  brushes  are  almost  always 
superior  to  horsehair  brushes.  Since  nylon  is  a 
synthetic,  a  nylon  brush  is  unsuitable  fo: 
applying  lacquer,  shellac,  many  creosotes,  and 
other  coatings  that  would  soften  or  dissolve 
bristles*  Because  nylon  bristles  are  not  affected 
much  by  water,  they  are  reecmnended  for  use 
with  water-based  latex  paint* 

Brushes  are  not  only  identified  by  tneir 
bristles  but  by  shapes  and  sizes  required  for 
specific  painting  jobs.  See  figures  14-4  and  14-5, 


FLAG 
UFS 


H01D 


SftlSTUNG  MATEfttAl 
TftIM 

1EKGTH  OUT 


SITTING  CUMP0UN0 
INSERT 


3*210(1 33F)A 
Figure  14-4.*- Typical  paintbrush. 
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WALL  BRUSH 


STUCCO  BRUSH 


FLATTING 
WALL  BRUSH 


OVAL  AND  SEMI-OVAL 
PAINT  AND  VARNISH  BRUSHES 


FLAT  VARNISH  BRUSH 


FLAT  SASH 
AND  TRIM  BRUSH 


ANGULAR  SASH 
AND  TRIM  BRUSH 


ENAMEUNG  BRUSH 


OVAL  SASH  BRUSH 


DUSTER 


Figurs  14-5.-Typot  of  brush**. 
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1.  WALL  BRUSHES:  Flat  and  square- 
edged,  wall  brushes  range  in  widths  from 
3  to  6  in.,  and  are  used  for  painting  large, 
continuous  surfaces,  either  interior  or  exterior. 

2>  SASH  AND  TRIM  BRUSHES:  These 
brushes  are  available  in  four  shapes:  flat  and 


square  edged,  flat  and  angle  edged,  round,  and 
oval.  They  range  in  width  from  1  to  1^  1/2  to 
3  in.  or  have  diameters  of  1/2  to  2  in.  Uses 
include  painting  of  window  frames,  sashes, 
narrow  boards,  and  interior  and  exterior  trim 
surfaces.  For  fine-line  painting,  the  bristle  end  of 
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such  a  brush  js  often  chisei  shaped  to  make 
precise  edging  easy. 

3.  ENAMELING  AND  VARNISH 
BRUSHES:  Flat  and  square  edged  or  chisel 
edged,  these  brushes  are  available  in  widths  from 
2  to  3  in.  Their  select,  Hne,  short  bristles  cause 
relatively  high-viscosity  gloss  finishes  to  lay 
down  in  a  smooth*  even  film* 

4,  STUCCO  AND  MASONRY  BRUSHES: 
These  brushes  have  the  general  appearance  of 
flat-wall  brushes  and  are  available  jn  widths 
ranging  from  5  to  6  in.  Bristles  are  nylon  or  hog 
or  other  natural  bristles.  Nylon  is  preferred  for 
rough  surfaces  because  of  Its  resistance  to 
abrasion 

Use  the  right-size  brush  for  the  job*  Avoid  a 
brush  that  is  too  small  or  too  large.  A  large-area 
job  does  not  necessarily  go  faster  with  an 
oversize  brush.  When  the  brush  size  is  out  of 
balance,  you  tend  to  apply  coatings  at  an  uneven 
rate,  general  workmanship  declines,  and  you 
actually  tire  faster  because  of  the  extra  effort 
required  per  stroke* 

Synthetic  bristle  brushes  are  ready  to  use 
when  received.  The  Performance  of  natural 
bristle  brushes  is  much  improved  by  soaking  48 
hours  in  linseed  oil,  followed  by  a  thorough 
cleaning  in  mineral  spirits.  The  bristles  are  made 
more  flexible  and  tend  to  swell  in  the  ferrule  of 
tfie  brush,  resulting  in  fewer  bristles  working 
loose  when  the  brush  is  used. 


29,140(1 33F)A 
Figure  14-6.— Parti  of  e  roller. 


29.140(133F)B 

Figure  14-7*— Pipe  roller. 


Figure  14-8,-Fence  roller.  29.140(133F)C 
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Table  144.-Ro!l«r  Selection  Guide 


Typ*  of  Paint 

Aluminum   

Eoamel  or  Semitic*!  (Alkyd) , 

Enamel  undercoat  

Epoxy  eoatlnf*   

Exterior  House  Pslnt: 

Latex  for  wood  

Latex  for  mtsonry  

Oil  or  alkyd— wood  

Oil  or  alvyd— masonry   

Floor  ensroel — all  type*  

Interior  Wall  paint: 

Alkyd  or  oil  

Latex   

Masonry  i**tar  

Bfetal  primer*   

Vsraish— all  type*  


Smooth  (i) 
C 

A  or  B 
A  or  B 

Bor  t> 

C 
A 
C 
A 

A  or  B 

A 
A 
B 
A 

A  or  B 


Typ*  0/  Sur/oee 

A 
A 
A 
D 

A 
A 
A 
A 
A 

A  or  D 

A 

A  or  D 
A  o-  D 


N<tp  Ltnoth  (Inches) 
% 


Rough  ($) 
A 


A 
A 


A 
A 

A  or  D 


RoUtrCcvtr  Key* 

A—Dyn*1  (modified  scryltc)  ♦ .    H-H 

B — Mohair   A-U 

O-Dscron  polyester   ^i-H 

Lambs  wool  pelt   l-i*4 

(1)  Smooth  Surfsee:  hsrdboard.  smooth  metal,  smooth  plsater.  drywall,  etc+ 

(2)  Semitmooth  Surface:  sand  finished  plaster  *nd  drywall.  light  stuccot  blssted  metal,  semitmooth 

masonry. 

(2)  Bough  Surface:  concrete  or  cinder  block*  brick,  hesvy  stuecc,  wire  fence. 

*  Comprehensive  product  standards  do  cot  eadst  In  the  Paint  H*ner  Industry.  Holler  covers  vsry  slgnlfi* 
csntly  in  performance  between  manufacturers  snd  most  msnufscturcrs  hsve  more  than  one  quality  level  in 
the  *sme  generic  dsas-  This  able  Is  based  on  neld  experience  with  first  line  products  of  one  msnufseturer* 
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ROLLERS 

A  paint  roller  consists  of  a  cylindrical  sleeve 
or  cover  that  slips  onto  a  rotatable  cage  to  which 
a  handle  is  attached,  (See  fig,  14-6,)  The  cover 
may  be  1  1/2  to  2  1/4  inches  (inside  diameter) 
and  3,  4,  7,  or  9  inches  long*  Special  rollers  are 
available  in  1  1/2-  to  18-inch  lengths.  Proper 
roller  application  depends  on  the  selection  of 
the  specific  fabric  and  the  thickness  of  fabric 
(nap  length)  based  on  the  type  of  paint  used  and 
the  smoothness  or  roughness  of  the  surface  to  be 
painted  Special  rollers  are  used  for  painting 
pipes,  fences*  and  hard-to-reach  places,  (See  figs. 


14-7  and  14-8,)  The  fabrics  generally  used  for 
rollers  are  Jamb's  wool  pelt,  mohair,  dynel,  and 
dacron  (See  Table  14-4,) 

Lamb's  wool  pelt  is  solvent  resistant  and 
available  in  nap  lengths  up  to  1  1/4  inch.  It  is 
commended  for  application  of  synthetic 
finishes  on  semismooth  and  rough  surfaces.  It 
mats  badiy  in  water  and  is  not  recommended  for 
water-based  paints, 

MOHAIR  is  made  primarily  of  Angora  hair. 
It  is  also  solvent  resistant.  Supplied  in  nap 
lengths  of  3/16  inch  and  1/4  inch,  it  is 
recommended   for   application   of  synthetic 
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enamels  and  water-based  paints  on  smooth 
surfaces.  , 

DYNEL  is/a  modified  acrylic  fiber  that  is 
water  resistant.  It  is  best  for  application  of 
water-based  paints  and  paints  containing  „ 
solvents,  except  strong  solvents,  such  as  ketone?. 
It  is  available  in  nap  lengths  ranging  from  1/4  to 
1  1/4  inch.  / 

DACRON  is  a  synthetic  fiber  sonewhaf 
softer  than  dynel.  It  is  best  suited  for  exterior 
oil-based  or  l?t?x  paints.  It  is  available  in  nap 
lengths  ranging  from  5/l6  to  1/2  inch. 

Immediately  after  use,  rollers  should  be 
cleaned  with  the  type  of  thinner  recommended 
for  the  paint  in  which  the  roller  was  used.  After 
being  cleaned  with  thinner,  the  roller  should  be 
thoroughly  washed  in  soap  and  water,  rinsed  in 
clear  water  and  dried. 

SPRAY  GUNS 


A  spray  gun  is  a  precision  tool  that  mixes  Jir 
under  pressure  with  paint,  breaks  it  up  into 
spray,  and  ejects  it  out  in  a  controlled  pattern. 


80.233 

Flgurt  14-9,-An  external -mix  ar  cap. 


There  are  several  types,  either  with  a 
container  attached  to  the  gun  or  with  the  gun 
connected  to  a  separate  container  by  means  of 
hoses.  There  ore  bleeder  or  nonbleeder,  external- 
or  internal-mix,  and  pressure-  or  suction-feed 
guns. 

The  BLEEDER  gun  allows  air  to  leak-or 
bleed-from^jome  part  of  the  gun  in  order  to 
prevent  air  pressure  from  building  up  in  the  air 
hose.  In  this  gun,  the  trigger  controls  the  fluid 
only.  It,  is  generally  used  with  small  air 
compressors  that  have  no  pressure  control  on 
the  air  line. 

The  NONBLEEDbR  gun  is  equipped  with  an 
air  valve  whiUi  shuts  off  the  air  whe.x  the  trigger 
is  released.  It  is  used  with  *ir  compressors  that 
have  a  pressure-controlling  device. 

An  5XTERNAL-MIX  gun  is  orie  which 
mixes  air  and  paint  outside  and  in  front  of  the 
gun's  air  cap.  This  gun  can  do  a  wide  variety  of 
work  and  has  the  power  to  throw  a  very  fine 
spray,  even  of  heavy  materia].  It  also  permits 
exact  control  over  the  spray  pattern,  Aiv 
external-fiTETiiir  cap  is  shown  in  figure  1 4-9, 

An  INTERNAL-MIX  spray  gun  mixes  the  air 
2nd  fluid  inside  the  air  cap  as  pictured  in  figure 
14-I0.  It  is  not  as  widely  used  as  fht 
external-mix  gun. 
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Figura  14-10.— An  in  torn*  I -mix  dr  cap. 


14-8 


Chapter  14-PAINTS  AND  PRESERVATIVES 


In  a  SUCTION  FEED  spray  gun,  the  air  cap, 
shown  in  figure  14-1 1,  is  designed  to  draw  the 
fluid  from  the  container  by  suction-in 
somewhat  the  same  way  that  an  insect  spray  gun 
operates.  The  suction-feed  spray  gun  is  usually 
used  with  1 -quart  (or  smaller)  containers. 

A  PRESSURE-FEED  gun  operates  by  air 
pressure,  which  forces  the  fluid  from  the 
container  into  the  gun.  This  type  (fig.  14-12)  is 
used  for  large-scale  painting. 

The  two  main  assemblies  of  the  spray  gun 
are  the  gun-body  assembly  and  the  spray-head 
assembly.  Each  of  these  assemblies  is  a 
collection  of  small  parts,  all  of  which  are 
designed  to  do  specific  jobs. 

The  principal  parts  of  the  gun-body 
assembly  are  shown  in  figure  14-13,  The  air 
valve  controls  the  supply  of  air  and  is  operated 
by  the  trigger  The  spreader-adjustment  valve 
regulates  the  amount  of  air  that  is  supplied  to 
the  spreader-horn  holes  of  the  air  cap,  thus 
varying  the  paint  pattern.  It  is  fitted  with  a  dial 
which  can  be  set  to  give  th^pattern  desired.  The 
fluid-needle  adjustment  controls  the  amount  of 
spray  material  that  passes  through  the  gun.  The 
spray-head-locking  bolt  locks  the  gun  body  an& 
the  removable  spray  head  together 


nutO  tip  protrudes 
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Figure  14*1 1.-A  tucttort  iotd  air  cap, 
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Most  guns  are  now  fitted  with  a  removable 
spray-head  assembly.  They  can  be  easily  cleaned, 
and  permit  quick  .change  of  the  head  when  you 
w#nt  to  use  a  new  color  or  material.  Also,  if  the 
head  is  damagedi  a  new  head  can  be  put  on  the 
old  gun  body. 

The  principal  parts  of  the  spray,-head 
assembly  a^e  the  air  cap,  the  fluid  tip,  fluid 
needles,  and  the  spray-head  barrel,  pictured  in 
figure  14-U. 

The  fluid  tip  regulates  the  flow  of  the  spray 
material  into  the  airstream.  The  tip  encloses  the 
end  of  the  fluid  needle.  The  spray  head  barrel  is 
the  housing  which  encloses  the  head  mechanism. 


AIRLESS  SPRAY  GUN 


In  dirless-sprayVpamting,  the  spray  is  created 
by  ihe  forcing  of  paint  through  a  restricted 
onfice  at  very  high  pressure.  The  paint  Is 
atomized  without  the  use  of  airjets,  thus,  the 
name  airless  spray.  Liquid  pressures  of  1500  psi 
and  higher  are  developed  in  special  air  or 
electrically  operated  high-pressure  pumps  and 
delivered  to  the  gun  through  a  single  hose  line. 


FLUlO  TJP  IS  FLUSH 
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Figure  14-12, -A  prasturo-fe&d  air  cap. 
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MATERIAL 
NEEDLE  VALVE 


AIR-CONTROL  SCREW 
ADJUSTS  WIOTHOF  SPfiAY 


AER 
KOZZLE 


MATERIAL  MATERIAL 
NOZZLE  HOSE 

CONNECTION 


TWaFlNGER  TRIGGER 


CONTROL  SCREW 
FOR  REGULATING  FLO* 
OF  MATERIAL  AND  FOR 
REMOVJNG  NEEDLE 
VALVE 


PASSAGE 


AIR-HOSE 
CONNECTION 


Figure  14-13.—  Cton  section  of  3  Jproy-gun. 
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The  airless-spray  system  provide*  a  rapid 
means  of  covering  large  surfaces  with  wide-angle 
spray  without  overspray  mist  or  rebound*  The 
single  small-diameter  hose  line  makes  gun 
handling  easy.  The  spray  produced  has  a  full  wet 


AIR  CAP 


FLUID  TIP 


SPRAY  HEAD 
BARREL 
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Figure  14  14,-Pnrcipal  parts  of  the  *Pr£y  head* 

1 4-10 
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Figure  14  15,  -Paint-mixer  vibrating  shaker. 
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pattern  Jor  quick  film  buildup,  but  requires 
extra  care  in  lapping  and  stroking  to  avoid 
excessive  coverage  that  would  result  in  runs, 
sags,  and  wrinkles 

There  are  many  advantages  of  airless 
spraying.  The  airless-spray  gun  is  simple  to 
operate.  On  some  models,  pattern  width  and 
amount  of  paint  is  controlled  with  spray  caps  of 
various  sizes.  The  choice  of  spray  cap  is 
determined  by  the  thickness  of  the  paint.  A  thin  » 
material,  like  lacquer,  is  sprayed  through  a  gun 
cap  with  an  orifice  about  as  large  as  the  period 
at  the  end  of  this  sentence. 

The  absence  of  air  also  reduces  rebounding 
of  the  paint  in  crevices  and  corners,  thus 
providing  more  uniform  coverage.  Airless 
spraying  usually  permits  the  use  of  higher 
viscosity    products    Thus,   less   thinning  is 


required,  better  film  buildup  is  obtained,  and 
production  is  increased.  The  need  for  just  a 
single  hose  leading  into  the  gun  makes  it-lighter 
to  handle  and  less  tiring  for  the  operator.  To  be 
successfully  used,  the  airless  system  requires 
special  attention  to  details^  such  as  straining  of 
paints  and  thorough  cleaning  of  the  gun  after 
use.  Still,  the  gun  strainer  or  cap  orifice  may 
plug  up  even  though  you  have  strained  the  paint. 
Here,  it  may  be  that  the  paint  is  not  sprayable 
by  the  airless  method.  In  this  ease*  the 
high  -pressure-pumping  action  wrings  out  the 
volatile  or  liquid  components  of  the  paint* 
which  causes  the  residue  to  clog  the  gun  strainer 
or  cap  orifice. 

PAINT  MIXERS 

The  two  most  commonly  used  power-driven 
paint  mixers  are  those  that  shake  full,  tightly 
sealed  containers  and  those  that  stir  the  paint 
with  propellers  or  paddles  inserted  into  open 
containers.  See  figures  14-15  and  14-16. 
Vibrator-type  mixers  are  available  in  capacities 
ranging  from  a  half  pint  to  four  1 -gallon  cans  or 
one  5-gallon  can.  Paint  can  also  be  stirred  with 
an  attachment  (fig-  14-17)  that  is  driven  by  an 
electric  drill. 

TYPES  OF  COATINGS 

Many  factors  are  considered  when  paint  is 
being  selected  for  a  particular  job.  An  important 
factor  is  the  type  of  coating  which,  in  turnv 
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Figure  14  16  -Paim  mixer- propeller  type 


Figure  14'17+— Pa int-mixer -drill  attachment. 
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depends  on  the  composition  of  paint  and  the 
properties  of  its  ingredients.  Paint  is  composed 
of  various  ingredients,  such  as  pigment, 
nonvolatile  vehicle  or  binder,  and  solvent  or 
thinner. 

PIGMENTS  are  insoluble  solids,  divided 
finely  enough  to  remain  suspended  in  the  vehicle 
for  a  considerable  time  after  thorough  stirring  or 
shaking.  OPAQUE  pigments  give  the  paint  its 
hiding  or  covering  capacity,  and  contribute 
other  properties,  WHITE  LEAD,  ZINC  OXIDE, 
and  TITANIUM  DIOXIDE  are  examples, 

COLOR  pigments  give  the  paint  its  color. 
They  may  be  inorganic,  such  as  CHROME 
GREEN,  CHROME  YELLOW,  and  IRON 
OXIDE:  or  organic,  such  as  TOLUlDlNE  RED 
and  PHTHALOCYANINE  BLUE. 

TRANSPARENT  or  EXTENDER  pigments 
contribute  bulk  and  also  control  the  application 
properties,  durability,  and  resistance  to  abrasion 
of  the  coating. 

There  are  other  speciaiixurpose  pigments, 
such  as  those  that  enable  paint  to  resist  heat, 
controi  corrosion,  or  reflect  light. 

The  VEHICLE,  or  BINDER,  of  paint  is  the 
materia]  that  holds  the  pigment  together  and 
also  adheres  to  the  surface*  In  general,  the 
durability  of  the  paint  is  determined  by  the 
resistance  of  the  binder  to  the  exposure 
conditions, 

Linse*  i  oil,  once  the  most  common  binder, 
has  been  superseded  mainly  by  the  synthetic 
ALKYD  resins.  These  result  from  the  reaction  of 
glyceryl  pMhalate  and  an  oil  and  may  be  made 
with  almost  any  property  desired.  Other 
synthetic  resins,  which  may  be  used  by 
themselves  or  mixed  with  oil,  include 
PHENOLIC  resin,  VINYL,  EPOXY, 
URETHANE,  POLYESTER,  and 
CHLORINATED  RUBBER,  Each  has  its  own 
advantages  and  disadvantages.  It  is  particularly 
important  in  the  use  of  these  materials  that  the 
manufacturer's  instructions  be  followed  exactly. 

The  only  purpose  of  a  SOLVENT  or 
THINNER  ^  to  actfust  the  consistency  of  the 
materia]  so  that  it  may  be  applied  readily  to  the 
surface.  The  solvent  then  evaporates, 
contributing  nothing  further  to  the  film.  For 
this  reason,  the  cheapest  suitable  solvent  should 
be  used  This  solvent  is  likety  to  be  NAPTHAor 
MINERAL  SPIRITS,  Although  TURPENTINE  is 


sometimes  used,  it  contributes  little  that  other 
solvents  do  not  and  costs  muih  more.  Since 
synthetic  resins  usually  require  a  special  solvent, 
it  is  IMPORTANT  THAT  THE  CORRECT  ONE 
BE  USED;  otherwise,  the  paint  may  be  spoiled 
entirely. 


OIL-BASED  PAINTS 


Oil-based  paints  consist  mainly  of  a  drying 
oil  (usually  linseed)  mixed  *ith  one  or  more 
pigments.  The  pigments  and  quantities  of  oil  in 
oil  paints  are  usually  selected  on  the  basis  of 
cost  and  their  ability  to  import  to  the  paint  the 
desired  properties,  such  as  durability,  economy, 
and  color.  An  oil-based  paint  is  characterized  by 
easy  application  and  slow,  drying.  It  normally 
chalks  in  such  a  manner  as  to  permit  reioatmg 
without  costly  surface  preparation.  Adding  small 
amounts  of  varnish  tends  to  decrease  the  time  it 
takes  an  oil-based  paint  to  dry  and  to  increase 
the  paint's  resistance  to  water.  Oil-based  paints 
are  not  recommended  for  surfaces  that  are 
submerged  in  water, 

ENAMFL  PAINTS 

Enamels  are  generally  harder,  tougher,  and 
more  resistant  to  abrasion  and  moisture 
penetration  than  oil-based  paints.  Enamels  are 
obtainable  in  flat,  scmigloss*  and  gloss.  The 
extent  of  pigmentation  of  the  paint  or  enamel 
determines  its  gloss.  Generally,  gloss  is  reduced 
by  adding  lower-cost  pigments  called  extenders* 
Typical  exteiiOers  are  calcium  carbonate 
(whiting),  magn^um  silicate  (taic).  aluminum 
silicate  (clay),  and  silica.  The  level  of  gloss 
depends  on  the  ratio  of  pigment  to  binder* 

EPOXY  PAINTS 

Epoxy  paints  are  made  up  of  a  resin  and  a 
polyamide  hardener*  whkh  aie  mixed  before 
use*  When  mixed,  the  two  ingredients  react  to 
form  the  end  product,  Epoxy  paints  have  a 
limited  working  or  pot  life,  usually  a  working 
day.  They  are  outstanding  in  hardness,  adhesion, 
and  flexibility.  Furthermore,  they  resist 
UJrrosioni  abrasion,  alkali,  and  solvents.  The 
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major  uses  of  trpoxy  paints  are  as  tile-like  glaze 
coatings  for  concrete  or  masonry,  and  for 
structural  steel  in  corrosive  environments. 


LATEX  PAINTS 

Latex  paints  contain  a  synthetic  chemical, 
called  LATEX,  which  is  dispersed  in  water.  The 
kinds  of  latexes  usually  found  in  paints  are 
STY  RENE- BUTADIENE  (so-called  synthetic 
rubber),  POLYVINYL  ACETATE  (PVA  or 
vinyl),  and  ACRYLIC  Latex  paints  differ  from 
other  paints  in  that  the  vehicle  is  an  emulsion  of 
binder  and  water.  Being  water  based,  latex 
paints  have  the  advantage  of  being  easy  to  apply. 
They  dry  through  evaporation  of  the  water. 
Many  latex  paints  have  excellent  durability, 
which  makes  them  particularly  useful  for 
coaling  plaster  and  masonry  surfaces, 

RUBBER-BASED  PAINTS 

Rubber-based  paints  are  solvent  thinned  and 
should  not  be  confused  with  latex  binders  which 
are  often  called  nibberbased  emulsions, 
Rubberbased  paints  are  lacquer-type  products 
and  dry  rapidly  to  form  finishes  which  are 
highly  resistant  to  water  and  mild  chemicals. 
They  arc  used  for  coating  exterior  masonry  and 
areas  that  are  wet,  humid,  or  subject  to  frequent 
washing,  such  as  laundry  rooms,  showers, 
washrooms,  and  kitchens- 

PORTLAND  CEMENT  PAINTS 

Port  land  cement  mixed  with  several 
ingredients  acts  as  a  paint  binder  when  it  reacts 
with  water.  The  paints  are  supplied  as  a  powder 
to  which  the  water  is  added  before  being  used, 
Cement  paints  are  used  on  rough  surfaces,  such 
as  concrete,  masonry,  and  stucco.  They  dry  to 
form  hard,  flat,  porous  films  that  permit  water 
vapor  to  pass  through  readily.  When  properly 
cured,  cement  paints  of  good  quality  are  quite 
durable,  when  improperly  cured,  they  chalk 
excessively  on  exposure  and  may  present 
problems  in  repainting 


ALUMINUM  PAINTS 

Aluminum  paints  are  available  in  two  forms: 
ready  mixed  and  ready  to  mix.  Ready-mixed 
aluminum  paints  are  supplied  in  one  package 
and  are  ready  for  use  after  normal  mixing.  They 
are  made  with  vehicles  that  will  retain  metallic 
brilliance  after  moderate  periods  of  storage, 
They  are  more  convenient  to  use  and  allow  for 
less  error  in  mixing  than  the  ready-to-mix  form. 

Ready-to-mix  aluminum  paints  are  supplied 
in  two  packages:  one  containing  the  clear 
varnish  and  the  other  the  required  amount  of 
aluminum  paste  (u:iially  2/3  aluminum  flakt* 
and  1/3  solvent).  You  mix  just  before  using  by 
slowly  adding  the  varnish  to  the  aluminum  paste 
and  stirring,  Ready-to-mtx  aluminum  paints 
allow  a  wider  choice  of  vehicles  and  present  less 
of  a  problem  with  storage  stability,  A  potential 
problem  with  aluminum  paints  is  moisture  in  the 
closed  container.  When  present,  moistjJre  may 
react  with  the  aluminum  flake  to  form  hydrogen 
gas  that  pressurizes  the  container.  Pressure  can 
cause  the  container  to  bulge  or  even  pop  the 
cover  off  the  container.  Check  the  containers  of 
ready-mixed  paints  for  bulging,  ff  they  do, 
puncture  the  covers  carefully  before  opening  to 
relieve  the  pressure.  Be  sure  to  use  dry 
containers  when  mixing  alunnnuii.  paints, 

VARNISHES 

In  contrast  to  paints,  varnishes  contain  little 
or  no  pigment  and  do  not  obscure  the  surface  to 
which  applied,  Usually  a  liquid,  varnish  will  dry 
to  a  hard,  transparent  coating  when  spread  in  a 
thin  film  over  a  surface,  affording  protection 
and  decoration. 

Of  the  common  types  of  varnishes,  the  most 
important  are  the  oil  varnishes,  including  spar 
varnish,  flat  varnish,  rubbing  varnish,  and  color 
varnish.  These  varnishes  are  extensively  used 
to  finish  and  refinish  in terior  -  and 
ex  te  rior  -  wood  surfaces,  such  as  floors, 
furniture,  and  cabinets,  SPAR  varnish  is 
intended  for  exterior  use  in  normal  or  marine 
environments;  it  has  limited  exterior  durability. 

Varnishes  produce  a  durable*  elastic,  and 
tough  surface  which  normally  dries  to  a 
high-gloss  finish  and  does  not  mar  easily, 
Exterior  varnishes  are  especially  formulated  to 
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resist  weathering.  Often,  a  lower  gloss  may  be 
obtained  by  rubbing  the  surface  with  a  very  fine 
steel  wool.  However,  if  is  simpler  to  use  a  FLAT 
VARNISH  whose  gloss  has  been  reduced  by  the 
addition  of  transparent-flatting  pigments,  such 
as  certain  synthetic  silicas.  These  pigments  are 
dispersed  in  the  varnish  to  produce  a  clear  finish 
that  will  dry  to  a  low  gloss,  but  still  not  obscure 
the  surface  underneath  (that  is,  the  grain  of  the 
wood), 

SHELLAC 

Shellac  is  made  by  refining  seed  lac  which  is 
the  binder;  the  vehicle  is  wood  alcohol.  The 
natural  color  of  shellac  is  orange,  although  it  can 
be  obtained  in  a  white  Color,  Shellac  is  used 
extensively-as  a  finishing  material  and  a  sealant. 
Applied  over  knots  it  prevents  bleeding 

LACQUERS 

Lacquers  may  be  clear  or  pigmented  anc^Can 
be  lusterless,  semigloss,  or  glossy,  Lacquers  dry 
or  harden  quickly,  producing  a  firm  oil  and 
water-resistant  film.  But  many  coats  are  required 
to  achieve  adequate  dry-film  thickness.  It 
generally  costs  more  to  use  lacquers  than  most 
paints, 

STAINS 

Stains  are  obtainable  in  four  dirferent  kinds, 
ril,  water,  spirit,  and  chemical  stains.  Oil  stains 
have  an  oil  vehicle,  and  you  can  add  mineral 
spirits  to  help  increase  the  penetration.  Water 
stains  are  solutions  of  aniline  dyes  and  water 
Spirit  stains  contain  alcohol,  not  water. 
Chemical  stains  worK  by  means  of  a  chemical 
reaction  when  dissolved  by  water,  The  type  of 
stain  to  use  will  depend  largely  on  the  purpose, 
the  location,  and  the  type  of  wood  being 
covered 


SURFACE  PREPARATION 
FOR  PAINTING 

Proper  surface  preparation  is  essential  if 
paint  is  to  last  a  long  time,  The  best  quality 
pa:nt  will  not  perform  effectively  if  applied  on  a 


poorly  prepared  surface.  The  initial  cost  of 
adequate  surface  preparation  is  more  than 
compensated  for  by  increased  durability, 
minimum  repairs,  and  ease  of  repainting. 

The  selection  of  surface  preparations  for 
painting  depends  on: 

1,  Condition  of  the  surface  to  be  painted, 

2,  Type  of  exposure, 

3,  Type  of  paint  to  be  applied, 

4,  Economic  (cost)  considerations, 

5,  Practical  limitations,  such  as  time, 
location,  space,  and  the  availability  of 
equipment, 

6,  Safety  factors. 


HAND  CLEANING 


Hand  cleaning  will  remove  only  loose  or 
loosely  adhering  surface  contaminants.  These 
include  rust  scale,  loose  rust,  mill  scale,  and 
loosely  adhering  paint.  Do  not  tliink  of  hand 
cleaning  as  a  means  of  removing  tight  mill  scale 
and  all  traces  of  rust.  In  general,  hand  cleaning 
cannot  be  expected  to  do  more  thim  remove 
major  surface  contamination.  It  is  primarily 
recommended  for  spot-cleaning  in  areas  where 
corrosion  is  not  a  serious  factor.  In  extreme 
situations,  as  when  areas  are  not  accessible  to 
power  tools,  cleaning  must  be  done  by  hand. 
Inasmuch  as  hand  cleaning  will  remove  only  the 
loosest  contamination,  piimers  are  required 
which  will  thoroughly  wet  the  surface. 

Before  hand  cleaning*  the  surface  must  be 
free  of  oil,  grease,  dirt,  and  chemicals.  This  can 
best  be  accomplished  with  solvent  cleaners. 
Then  remove  rust  scale  and  heavy  buildup  of  old 
coatings  with  impact  tools,  such  as  chipping 
hammers,  chisels,  and  scalers.  Remove  loose  mill 
scale  and  nonadhering  paint  with  wiie  brushes 
and  scrapers.  Finish  up  by  sanding,  especially  on 
woodwork.  In  using  tools,  avoid  making  deep 
marks  or  scratches  on  the  surface.  Start  painting 
as  soon  as  possible  after  cleaning, 

POWER  TOOL  CLEANING 

Power  tool  cleaning  methods  provide  faster 
and  more  adequate  surface  preparation  than 
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handtool  methpds.  Power  tools  are  used  for 
removing  small  amounts  of  tightly  adhering 
contaminants  which  handtools  cannot  remove. 
Yet,  the  use  of  power  tools  is  costly  and  time 
consuming  in  contrast  to  blasting  for  large  area 
removal  of  tight  mill  scale,  rust*  or  old  coatings. 
Power  tools  are  driven  either  electrically  or 
pneumatically  and  include  a  variety  of 
attachments  for  the  basic  units.  Chipping 
hammers  are  used  for  removing  tight  rust,  mill 
scale,  and  heavy  paint  coats.  Rotary  and' needle 
scalers  are  used  for  removing  rust,  mill  scale,  and 
old  paint  from  large  metallic  and  masonry  areas. 
Wire  brushes  (cup  or  radial)  are  used  for 
removing  loose  mill  scale,  oil  paint,  weld  flux, 
slag,  and  dirt  deposits.  Grinders  and  sanders  are 
used  for  complete  removal  of  old  paint,  rust,  or 
mill  scale  on  small  surfaces,  and  for  smoothing 
rough  surfaces.  As  with  handtools,  care  must  be 
exercised  with  power-impact  and  grinding  tools 
not  to  cut  too -deeply  into  the  surface,  since  this 
may  result  in  burrs  that  are  difficult  to  protect 
satisfactorily. 

Power  tool  cleaning  is  to  be  preceded  by 
solvent  or  chemical  treatment,  and  painting 
must  be  started  and  completed  as  soon  after 
power  cleaning  as  possible. 


BLAST  CLEANING 


surface  contamination  without  working  the 
surface  to  excess. 

Conventional  Blasting 

Conventional  blast  cleaning  is  a  term  used  to 
designate  the  usual  method  of  field  blasting,  in 
which  no  effort  is  made  to  alleviate  the  dust 
hazard  or  reclaim  the  blast  abrasive,  (See  figs, 
14-18  and  14-19.)  This  method  precludes  the 
need  for  special  rinsing-  as  required  for  wet 
blasting,  but  requires  that  health  precautions  be 
taken  to  protect  the  operator  and  other 
personnel  in  the  area  from  the  fine,  abrasive 
dust.  Machines  in  the  vicinity  must  afao  be 
shielded.  After  Wasting,  the  surface  must  be 
brushed,  vacuumed,  or  air  cleaned  to  remove 
residues  or  trapped  grit. 


Vacuum  Blasting 

Vacuum  blasting,  a  relatively  new  method, 
minimizes  the  dust  hazard  and  enables  the  blast 
abrasive  to  be  reclaimed.  This  method,  also 
known  as  dry  honing,  provides  for  practically  no 
dust  to  escape  and  contaminate  the  atmosphere. 
Dry  honing  is  less  efficient  than  conventional 


Blast  cleaning  involves  the  high-velocity 
impact  of  abrasive  particles  on  the  surface-  The 
abrasive  is  discharged,  either  wet  or  dry«  under 
pressure.  The  wet  system  differs  from  the  dry  in 
that  water,  or  a  solution  of  water  and  rust 
inhibitor,  is  incorporated  with  the  blast  abrasive. 
The  water  is  either  mixed  with  the  abrasive  in 
the  pressure  tank  or  is  introduced  into  the  blast 
stream  just  behind  or  just  in  front  of  the  blast 
nozzle!  All  blasted  metal  surfaces  require  that 
prime  painting  be  started  and  completed  the 
same  day  to  prevent  new  rust  from  forming, 
since  such  blast-cleaned  surfaces  are  subject  to 
rapid  rusting  if  not  coated.  Metal  or  synthetic 
shot,  grit,  or  a  similar  abrasive  is  used  where 
recovery  of  the  agent  is  possible.  Sand  is  used  * 
where  the  agent  is  expendable.  The  agent,  in  any 
case,  must  be  ot  a  si/e  sufficient  to  remove 
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Figure  14-18.— Dry -blatt  cleaning  setup. 
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Figure  14-10.— D!rect*prei jure  Uatt-cS&anmg  tanki. 


blasting  methods  on  highly  irregular  surfaces 
because  of  the  poor  vacuum  on  stifrh  surfaces. 
When  the  blasting  cone  is  held  firmly  against  the 
surface  to  prevent  abrasive  loss  and  the  surface  is 
heavily  contaminated  with  rust,  algae,  or  other 
foreign  matter,  the  cleaner  (fig.  14-20)  may  not 
be  able  to  function  more  than  a  short  time 
without  becoming  clogged.  In  such  instances, 
the  vacuum  blaster  is  used  as  a  semiopen  blasting 
device,  that  is,  the  cone  containing  the  nozzle  is 
held  a  slight  distance  away  from  the  surface.  The 
dust  created  is  appreciable  (workers  must  wear 
respirators)  but  not  nearly  as  great  as  with 
conventional  blasting  equipment.  However, 
vacuum  blasting  is  efficient  and  economical  for 
cleaning  repeatedly  small-scale  surfaces  in  a 
shop.  The  method  results  in  considerable  savings 
in  abrasive  coats  and  also  reduces  the  dust  and 
health  hazard. 
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Figure  14£0  .-Vacuum -blast  cleaner. 


Wet  Blasting 

Although  not  suitable  for  all  types  of  work, 
wet  blasting  reduces  to  a  minimum  the  dust 
associated  with  blasting.  If  used  on  steel 
structures  containing  many  ledges  formed  by 
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upturned  angles  and  horizontal  girder*,  for 
example,  wet  blasting  presents  much 
troublesome  cleanup  work.  The  wet  sand  and 
blast  residues  trapped  on  these  ledges  are  more 
difficult  to  remove  than  dry  materials.  Also, 
enough  sludge  adheres  to  wet-blasted  surfaces  to 
necessitate  its  removal  by  rinsing,  brushing*  or 
air  blowing.  Moreover,  the  wet-blasted  surface 
tends  to  rust  even  though  an  inhibitor  is  present 
in  the  mixing  and  rinsing  water  Figure  14-21  is 
a  cross-section  view  of  the  attachment  that  sueks 
water  from  an>  water  source  for  wet-blast 
cleaning.  The  blasted  surface  must  be 
thoroughly  dr>  before  coatings  are  applied. 

PAINT  REMOVERS 


Pamt  and  varnish  removers  generally  arc 
used  for  ^mall  areas.  Solvent-type  removers  or 
solvent  mixtures  are  selected  according  to  the 
type  and  condition  of  the  old  finish.  Removers 
are  available  as  flammable  or  nonflammable 
types,  also  liquid  or  semipaste  in  consistency. 
Whereas  most  paint  removers  require  scraping  or 
steel  wool  to  physically  remove  the  softened 
paint,  types  are  available  that  allow  the  loosened 
finish  to  be  flushed  off  with  steam  or  hot  water. 
Many  flammable  and  nonflammable  removers 
contain  paraffin  wax  to  retard  evaporation.  It  is 
absolutely  essential  that  the  wax  residue  be 
removed  from  the  surface  prior  10  painting. 
Otherwise  paint  will  not  adhere  properly  to  the 
surface.  Follow  the  manufacturers  label 
directions  or  use  mineral  spirits  to  remove  any 


wax  residu^  Although  no  n  Ha  mm  able  paint 
removers  eliminate  fire  hazards*  they  are  toxic 
to  a  degrei  as  are  all  paint  removers>  Proper 
ventilation  must  be  provided  whenever  they  are 
used. 


FERROUS  METALS 

Cleaning  ferrous  metals*  such  as  iron  and 
steel,  involves  the  removal  of  oil.  grease, 
previous  coatings,  and  dirt,  Do  so  using  a 
cleaning  method  discussed  earlier  in  this  chapter 
Keep  in  mind  that  once  you  prepare  a  metal 
surface  for  painting,  it  will  start  to  rust 
immediately  unless  a  primer  or  pretreatment  is 
used  to  protect  the  surface. 

NONFERRO  US  METALS 


The  non ferrous  metals  are  brass,  bronze* 
copper,  tint  zinct  aluminum,  nickel,  and  others 
not  derived  from  iron  ore.  A  galvanized  metal  is 
one  which  has  a  zinc-coated  surface;  it  is  treated 
as  a  nonferrous  metal  for  painting  purposes, 

Nonferrous  metals  are  generally  cleaned  with 
a  solve nt-type  cleaner.  After  cleaning*  you 
should  apply  a  prime  coat  or  a  pretreatment. 


CONCRETE  AND  MASONRY 


WATER 


AIR  3  5AN0  ^frS^S^^ 


STANDARD 
SAW08LAST  NOZZU 
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Figure  14-21  -Wet  Wart  attachment. 


In  Navy  construction,  concrete  and  masonry 
are  normally  not  painted  unless  painting  is 
required  for  da  mpp  roofing  Cleaning  concrete 
and  masonry  involves  the  removal  of  dirt, 
mildew,  and  EFFLORESCENCE  (a  white, 
powdery,  crystalline  depoit  which  often  forms 
on  concrete  and  masonry  surfaces). 

Dirt  and  fungus  are  removed  by  washing 
with  a  solution  of  TR1SOD1UM  PHOSPHATE; 
the  strength  of  the  solution  may  vary  from  2  oz 
to  8oz  of  trisodium  phosphate  per  gal  of  water, 
depending  upon  the  amount  of  dirt  and/or 
mildew  on   the  surface.   Immediately  after 
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washing,  rinse  off  all  the  trisodium  phosphate 
with  clear  water.  If  oil  paint  is  to  be  used, 
allow  the  surface  to  dry  thoroughly  before 
painting. 

For  efflorescence,  first  remove  as  much  as 
possible  of  the  deposit  by  dry  brushing  with  a 
wire  brush  or  a  stiff  fiber  brush.  Next,  wet  the 
surface  thoroughly  with  clear  water,  and  then 
scrub  with  a  stiff  brush  dipped  in  a  5  percent 
solution  (by  weight), of  muriatic  acid.  Allow  the 
acid  solution  to  remain  on  the  surface  about  3 
minutes  before  scrubbing,  but  rinse  thoroughly 
with  clear  water  IMMEDIATELY  AFTER 
scrubbing.  Work  on  small  areas,  not  larger  than 
4  sq  ft.  Wear  rubber  gloves,  a  rubber  apron,  and 
goggles  when  mixing  and  applying  the  acid 
solution.  In  mixing  the  aud,  ALWAYS  add  acid 
to  water.  Do  NOT  add  water  to  acid  which  can 
cause  the  mixture  to  explode. 

For  a  very  heavy  deposit,  the  acid  solution 
may  be  increased  to  10  percent  and  allowed  to 
remain  on  the  surface  for  5  minutes  before  it  is 
scrubbed. 

All  defects  in  a  concrete  or  masonry  surface 
must  be  repaired  before  painting.  To  repair  a 
large  crack,  cut  the  crack  out  to  an  inverted-V 
shape  and  plug  it  with  grout  {a  mixture  of  2  or  3 
parts  of  mortar  sand,  1  p&rt  of  Portland  cement, 
and  enough  water  to  make  it  puttylike  in 
consistency).  After  the  groat  sets,  damp  cure  it 
by  keeping  it  wet  for  43  hours.  If  oil  paint  is  to 
be  used,  allow  at  least  90  days  for  weathering 
before  painting  over  a  grout-filled  crack. 


PLASTER  AND  WALLBOARD 


Whenever  possible,  allow  new  plaster  to  age 
at  least  2  months  before  painting.  Prior  to 
painting,  fill  all  holes  and  cracks  with 
SPACKLING  COMPOUND  or  PATCHING 
PLASTER,  Cut  out  the  material  along  the  crack 
or  hole  in  an  inverted-V  shape.  To  avoid 
excessive  absorption  of  water  from  the  patching 
material,  wet  the  edges  and  bottom  of  the  crack 
or  hole  before  applying  the  material.  Fill  the 
opening  to  within  1/4  inch  of  the  surface  and 


allow  the  material  to  set  partially  before 
bringing  the  level  up  flush  with  the  surface. 
After  the  material  has  thoroughly  set,  use  fine 
sandpaper  to  smooth  out  the  rough  spots.  Allow 
at  least  72  hours  for  setting  before  pamting. 
Plaster  and  wallboard  should  have  a  sealer  or  a 
prime  coat  prior  to  painting. 


WOOD 


Before  being  painted,  a  wood  surface  should 
be  closely  inspected  for  loose  boards,  defective 
lumber,  protruding  nailheads,  and  other  defects 
or  irregularities.  Loose  boards  should  be  nailed 
tight,  defective  lumber  should  be  replaced,  and 
all  nailheads  should  be  countersunk. 

A  dirty  wood  surface  is  cleaned  for  painting 
by  sweeping,  dusting,  and  washing  with  solvent 
or  soap  and  water.  In  washing  wood,  take  care 
to  avoid  excessive  wetting,  which  tends  to  raise 
the  grain.  Wash  a  small  area  at  a  time,  then  rinse 
and  dry  it  immediately. 

Wood  which  is  to  be  given  a  NATURAL 
finish  (meaning  not  concealed  by  an  opaque 
surface  coating)  may  require  BLEACHING  to  a 
uniform  and/or  light  color.  To  bleach,  apply  a 
solution  of  1  pound  of  OXALIC  ACID  to  i 
gallon  of  hot  water.  More  than  one  application 
may  be  required.  After  the  solution  has  dried, 
the  surface  should  be  smoothed  with  fine 
sandpaper. 

Rough  wood  surfaces  must  be  sanded 
smooth  for  painting.  Mechanical  SANDERS  are 
used  for  large  areas,  hand  sanding  for  small 
areas.  In  sanding  by  hand,  wrap  sandpaper 
around  a  rubber,  wood,  or  metal  SANDING 
BLOCK.  For  a  very  rough  surface,  start  with  a 
coarse  paper,  about  No.  2  or  2  1/2;  follow  up 
with  a  No-  :/2,  No.  1,  or  No.  1  1/2;  and  finish 
with  about  a  No.  2/0  grit.  For  fine  work,  such  as 
furniture  work,  finish  with  a  finer  grit. 

Sap  or  resin  in  wood  will  stain  through  a 
coat,  or  even  several  coats,  of  paint.  Remove  sap 
or  resin  by  scraping  and/or  sanding.  Knots  in 
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rcsinous  wood  should  be  treated  with  KNOT 
SEALER,  Military  Specification  MIL-S  12935. 

CONDITIONERS,  SLALERS, 
AND  FILLERS 

Conditioners  are  often  applied  on  masonry 
to  seal  a  chalky  surface  in  order  to  improve 
adhesion  of  water-base  topcoats.  Sealers  are  used 
on  wood  to  prevent  resin  exudation  or  blueing. 
Fillers  are  used  to  produce  a  smooth  finish  on 
open-grain  wood  and  rough  masonry.  (See  table 
14-5.) 

Since  latex  (water-thinned)  paints  do  not 
adhere  well  to  chalky  masonry  surfaces,  an 
oil-base  CONDITIONER  is  applied  to  the  chalky 
substrate  before  the  latex  paint  is  applied.  The 
entire  surface  should  be  vigorously  wire  brushed 
by  hand  or  power  iools,  then  dusted  to  remove 
alt  loose  particles  and  chalk  residue.  The 
conditioner  is  then  brushed  on  freely  to  assure 


effective  penetration  and  allowed  to  dry.  It  is 
NOT  intended  for  use  as  a  finish  coat. 

SEALERS  are  applied  to  bare  wood  like 
coats  of  paint.  Freshly  exuded  resin,  while  still 
soft,  may  be  scraped  off  with  a  putty  knife  and 
the  affected  area  solvent  cleaned  with  alcohol 
Hardened  resin  may  be  removed  by  scraping  or 
sending.  Since  the  sealer  is  not  intended  for  use 
as  a  prime  coat,  it  diould  be  used  only  when 
necessary,  and  applied  over  the  affected  area 
only.  When  previous  paint  becomes  discolored 
over  knots  on  pine  lumber,  the  scaler  should  be 
applied  over  the  old  paint  before  the  new  paint 
is  applied. 

FILLHRS  are  used  on  porous  wood, 
concrete,  and  masonry  to  fill  the  pores  to 
provide  a  smoother  finish  coat. 

Wood  fillers  are  used  on  open-grained 
hardwoods  In  general,  hardwoods  with  pores 
larger  than  in  birch  should  be  filled.  (See  table 


Table  14*5.-Traatm*nt  of  Various  Subjiratej 


Hand  Cleaning 
Power  Tool  Cleans 
Flame  Cleaning 
Bl«t  Cleaning 

Brush -Off 

At)  Other 

ChtmUai  and  Stohttrt 
Solvent  Cleaning 
Atkali  Cleaning 
Steam  Cleaning 
Aeid  Cleaning 
Pwkltn? 

Prtt  rfatmtnt* 
Hot  Phosphate 
Cotd  Phosphate 
Wash  Primers 

Conditioner* 
Sealer* 

f^-Satijf  artery  for  uup  indented 
*    Sanriiwr  only 


TFood 
S 


S 
S 

s 

s 

s 

s 
s 

s 


S 


Platttr 
iVo  II  board 

3 
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14-6)  Necessary  filling  is  done  after  staining. 
Stain  should  be  allowed  to  dry  for  24  hours 
before  the  filler  is  applied.  If  staining  is  not 
warranted,  natural  (uncolortd)  filler  is  applied 
directly  to  the  bare  wood,  Tae  filler  m?y  be 
coiored  with  some  of  the  stain  in  order  to 
accentuate  the  grain  pattern  of  the  wood.  To 
apply*  you  first  thin  the  filter  with  mineral 
spirits  to  a  creamy  consistency,  then  liberally 
brush  it  across  the  grain,  followed  by  a  light 
brushing  along  the  grain.  Allow  it  to  stand  5  to 
10  minutes  until  most  of  the  thinner  has 
evaporated,  at  which  time  the  finish  will  have 
lost  its  giossy  appearance.  Before  it  has  a  chance 
to  set  and  harden,  wipe  the  filler  off  ACROSS 
the  grain  using  burlap  or  other  coarse  cloth* 
rubbing  the  filler  into  the  pores  of  the  wood 
while  removing  the  excess.  Finish  by  stroking 
along  the  grain  with  clean  rags.  All  excess  filler 


must  be  removed.  Knowing  when  to  start  wiping 
is  important;  wiping  too  soon  will  pull  the  filler 
out  of  the  pores*  while  allowing  the  filler  to  set 
too  long  will  maJce  it  hard  to  wipe  off,  A  simple 
test  for  dryness  consists  of  rubbing  a  finger 
across  the  surface.  If  a  ball  is  formed,  it  is  time 
to  wipe.  If  the  filler  slips  under  the  pressure  of 
the  finger,  it  is  still  too  wet  for  wiping.  Allow 
the  filler  to  dry  for  24  hours  before  applying 
finish  coats. 

Masonry  fillers  are  applied  by  brush  to  bare 
and  previously  prepared  (all  loose,  powdery, 
flaking  material  removed)  rough  concrete, 
concrete  block*  stucco,  or  other  masonry 
surfaces,  both  neu  and  old.  The  purpose  is  to  fill 
the  open  pores  in  the  surface  in  order  to 
produce  a  fairly  smooth  finish.  If  the  voids  on 
the  surface  are  large,  it  is  preferable  to  apply 
two  coats  of  filler,  rather  than  one  heavy  coat. 


Table  1 4<6,-Charact«nftici  of  Wood 

Typt  Soft  Hard 

Grain  Clotrd  Open         Ctoifd  Sotra      F imthtnff 

,Vam«  of  Wood 


Ash 

X 

Requires  filler 

Alder 

X             .  . 

Stains  well. 

Ac  pen 

X 

Paint*  well. 

Bass  wood 

X 

Paints  well. 

Beech 

X 

Paints  poorly,  varrmhe*  well 

Birch 

X 

Faints  and  varnishes  well 

Cedar 

X 

Paints  and  varnishes  well 

Cherry 

X 

V  ami  she?  well. 

Chestnut 

X 

Requires  filler;  paints  poorly 

Cottonwood 

X 

Paints  well. 

Cypres* 

X 

Paint*  and  varnishes  well. 

Elm 

X 

Require*  filler;  paint*  poorly 

Fir 

X           ,  .  . 

Paints  poorly. 

Gum 

X 

Varnishes  well. 

Hemlock 

X          .  ,.. 

Paints  fairly  well. 

Hickory 

,.  .  X 

Rduires  f*N*r. 

Mahogany 

  X 

Requires  filler. 

Maple 

X 

Varnishes  well. 

Oak   

  X 

Requires  filler 

Pine 

X          .    .  , 

Variable  depending  on  grain 

Teak   

X 

Requires  filler. 

Walnut 

  X 

Requires  filler. 

Redwood 

X 

Paints  well. 

Hot*'  Any  type  ftnlsh  may  be  applied 

unless  otherwise  specified. 
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in  order  to  avoid  mad  cracking.  Allow  1  to  2 
hours  drying  time  between  coats.  Aliow  the  final 
coat  to  dry  24  hours  before  painting. 


PAJ NT  MIXING  AND  CONDITIONING 

Most  paints  used  in  the  Navy  are  READY- 
MIXED,  meaning  that  they  are  provided  with 
the  ingredients  already  mixed  together  in  the 
proper  proportions.  When  oil  paints  are  left  in 
storage  for  long  periods  of  time,  the  pigments 
settle  to  the  bottom,  and  must  be  mixed  again 
into  the  vehicle  before  the  paint  is  used.  The 
purposes  of  conditioning  and  mixing  are  to 
redisperse  or  reblend  settled  pigment  with  the 
vehicle;  eliminate  Iumps>  skins,  or  other 
impediments  to  proper  application;  and  bring 
the  paints  to  their  proper  application 
temperature.  At)  paints  should  be  placed  in  the 
paint  shop  at  least  24  hoars  before  use  in  order 
to  bring  their  temperatures  between  65<>F  and 
85°F.  After  time  has  elapsed,  the  paints  are 
mixed,  thinned>  or  tinted,  if  specified,  and  then 
strained,  if  necessary. 


MIXING 

Paints  should  be  mixed  in  the  paint  shop  just 
before  they  are  issued.  Mixing  procedures  will 
vary  among  different  types  of  paints.  Regardless 
of  the  procedure  usedr  try  not  *o  overmix* 
which  introduces  too  much  air  in  the  inixture. 
Table  14-7  outlines  the  type  of  equipment  and 
procedure  to  be  followed  for  various  coatings. 
Mixing  is  done  by  either  a  manual  or  mechanical 
method,  but  the  tatter  is  definitely  preferred  to 
insure  maximum  uniformity.  Manual  mixing  is 
less  efficient  then  mechanical  in  terms  of  time, 
effort*  and  results.  It  should  be  done  only  when 
absolutely  necessary  and  be  limited  to 
containers  no  larger  than  one  gallon. 
Nevertheless,  it  js  possible  to  stir  5-gallon 
containers  by  hand.  To  do  so,  first  pour  half  of 
the  paint  into  an  empty  container  and  then  stir 
the  remainder  thoroughly,  being  certain  to 
scrape  off  and  break  up  any  settled  matter  on 
the  bottom  or  lower  sides  of  the  container. 
Continue  to  stir  the  paint  as  you  return  the 
other  half  slowly  to  its  original  container.  The 
stirred  paint  must  have  a  completely  blended 
appearance  with  no  evidence  of  varicolored 


TaWfl  14*7.— Mixing  Procedure* 


Col  I  "10 

Enamel*  semifftoia  or  flat  pamti 

toi)  type), 
Water     bated     punts     4  fate* 

Clear  finish** 

£Estr*me1T  viaeou*  Amahf*.  *  K  - 
coal  Ur  pamU  . 
Two  package  metallic  psifit*. 
*  ft .  aluminum  paints 


Equipment 
Manual.  propeller  or  ahaker 
Manual  or  Propelier 
Martial,  propeller  or  »haker 
Drum. type  mis?r 
Propyl  ir  t 


Propeller.    *h*ktr    or    drum -type 
miser 


Remark* 
Mis  wrtil  homogeneous. 

IV  rstreme  car*  to  avoid  air 

trap.<.ent* 
Generally  require  Jfttle  or  no  mis* 

in*. 

Uie  extreme  tare  to  avoid  air 
entrapment* 

Add  amall  amount  of  liquid  to 
P««t*i  mis  well.  Slowly  add  re- 
mainder of  vehicle*  white  stir- 
ring, until  coating  ta  homogene- 
ous. With  metallic  powder,  drat 
make  into  a  paate  with  gotveftt. 
and  then  proceed  a*  above- 

Mix  until  homogeneous  Check 
label  for  apeclat  tnatructiona. 
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POftt.ON    HTC  A 
UEAH  CONTAtNER 


S*m  THE  SETTLED 
PiSTF  ,e*£*JMN«  UP 
THE  LUMPS.  If  ANT 
GALLON  CANS, 

use  a  paoole  about 

M/J  INCHES  WlOE 


MIX  THOROUGHLY, 
ySlHS  A  FlGttftE  B 
MOTION  TH£N  fOL 
1,0*  WiTH  A  4.ifT 
tN«  AND  &1AHNC 
UOTtON 


CONTINUE  S lift » 
ftl*G  WHiLE  GJMOU- 
ALU  RETURNING  THE 
POl"*EO-OrF  PC<tTlON 

to  m  original 

CONTAINER 


BOX   PAINT  0V 
POURING  SEVERAL 
TIMES  BACK  A*D 
FORTH  fROU  ONE 
CONI^lNtft  TO  THE 
OTHER  UNTK,  VNIt 
fOAU 
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Figure  14*22,— Manual  mixing  arid  boxing. 


swirls  at  the  top,  including  unmixed  pigmenl  or 
vehicle.  Neither  should  there  be  evidence  ot 
lumps  indicating  the  presence  of  unredispcrsed 
solids  or  foreign  matter.  (Sec  fig,  14-22,) 

There  are  only  ihrce  primary  true*pigmcntcd 
colors  red*  blue,  and  yellow.  Shades*  tinls,  and 
hues  are  derived  by  mixing  these  colors  in 
various  proportion*  Figure  14-23  illustrates  a 
color  triangle  with  one  primary  color  at  each  of 
its  points.  The  lettering  in  the  triangle  indicates 
Ihe  hues  that  will  result  V-cn  colors  are  mixed 
together  as  follows 

Equal  proportions  of  red  md  blue  produce 
purple. 

Equal  proportions  of  red  :nd  yellow 
produce  orange 

Equal  proportions  of  blue  and  yellow 
produce  green. 

Three  parts  ot  red  to  one  part  of  blue 
produce  carmine 


Three  parts  of  red  to  one  part  of  >elkw 
produce  reddish-orange. 

Three  parts  of  blue  to  one  part  ol  red 
produce  red-violei. 

R£D 

RC0D1SH  ORANGE 

ORANGE 

YELLOWISH- 
ORANGE 

~l  *  YELLOW 

GREEN  | 

BLUISH  GREEN  YELLOWISH  GREEN 


58160 


FiguTft  14  23,-A  color  triangle, 
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Three  part*  ol  yellow  to  one  part  ol  red 
produce  yellowish-orange 

-Throe  parti;  of  blue  to  one  part  of  yellow 
produce  blue-green 

Three  parts  ol"  yellow  to  one  part  ol  blue 
produce  yellowish-green 

Hues   arc    known   as  JuomaHi.  colors, 
whereas    black,    white,    and    grav    ar*;  the 
achromatic   (neutral)    colors.    Gray  can 
produced  by  mixing  black  and  white  in  dilterent 
proportions. 

THINNING 

When  receded,  paints  should  be  ready  lor 
application  b>  brush  or  roller  Thinner  can  be 
addetf  for  either  application  but  the  supervisor 
or  inspector  must  gne  prior  approval  However, 
thinning  is  often  required  lor  spray  application 
Unnecessary  or  ex^essne  thinning  Causes  an 
inadequate  thickness  of  the  applied  costing 
which  adversely  affects  the  longevity  and 
protective  qualities  ol  the  coating.  When 
necessary .  thinning  is  done  b>  competent 
personnel  using  onl>  the  thinning  agents  named 
by  the  specifications  or  label  instructions 
Thinning  is  not  done  to  make  eas>  the  orushing 
or  rolling  of  o\erly  .old  paint  niaterialx.  These 
should  l>e  preconditioned  ih«\Ued>  to  bring  them 
up  to  65"f  to  ^5  ! 

STRAINING 

Nonnally  ,  pamt  in  freshly  opened  containers 
should  not  require  straining  but  ui  cases  whe^e 
lumps,  color  flecks  or  foreign  matter  are 
evident,  paints  arc  strained  4lter  mixing  Skins, 
however,  are  removed  from  thv  paint  before 
mixing  If  necessary .  the  next  step  is  thinning. 
Finally,  the  paint  is  strained  through  a  fine  sieve 
or  commercial  paint  strainer.  When  paint  is  to  be 
sprayed,  it  must  be  strained  to  a^oid  clogging  of 
the  spray  gun 

TINTING 

I  he  general  pra.tke  nl  tinting  paints  should 
bo  avoided  to  reduce  wast^  and  eliminate  the 
problem  ol  mat  Jung  ^peuai  colors  at  a  later 
date.  Tinting  al>o  aihvts  the  properties  ot  the 


paint  to  which  colorants  are  added,  often 
reducing  performance  to  some  extent.  One 
exception  is  the  tinting  of  an  intermediate  coat 
in  order  to  differentiate  between  that  Coat  and 
the  topcoat  which  helps  assure  that  there  are  no 
missed  areas.  Here,  use  only  colorants  which  are 
known  to  be  compatible.  Try  not  to  add  more 
than  4  o/  per  gal  of  paint  If  more  is  added,  the 
paint  may  net  dry  well  and  otherwise  perform 
poorly. 

When  necessary,  tinting  should  be  done  in 
the  paint  shop,  and  then  only  by  experienced 
personnel.  The  paint  must  be  at  application 
viscosity  before  tinting,  Colorants  must  be 
compatible,  fresh  and  fluid,  so  as  to  mix  readily. 
Mechanical  agitation  will  help  distribute  the 
colorants  uniformly  throughout  the  paint. 


METHODS  OF  APPLYING  PAINT 

The  common  methods  of  applying  paint  are 
brushing,  rolling,  and  spraying.  The  choice  of 
method  is  based  on  several  factors,  such  as  speed 
of  application,  environment,  type  and  amount 
of  surface,  type  of  eoating  to  be  applied, 
appearance  ol  finish,  and  training  and 
experience  of  painters,  Brushing  is  the  slowest 
method,  rolling  is  much  faster,  and  spraying  is 
usually  the  lastest  by  Tar.  Brushing  is  ideal  for 
small  surfaces  and  odd  shapes  or  for  cutting  in 
corners  and  edges.  Rolling  and  ^praying  are 
efficient  on  large  flat  surfaces.  Spra>  ing  can  also 
be  used  for  round  oi  irregular  shapes 

The  general  surroundings  may  prohibit  the 
spraying  of  paint  due  to  fire  hazards  or  potential 
damage  from  o%erspraymg,  Lxampies  include 
parking  tots  and  open  storage  areas,  Adjacent 
areas,  not  to  be  coated,  must  be  cow-red  when 
spraying  is  performed,  This  results  in  loss  of 
time,  and  if  extensive,  may  offset  the  speed 
advantage  of  spraying 

finishing  ma>  ica^c  brush  m^rks  after  the 
paint  is  dry.  rolling  leaves  a  stippled  effect, 
whereas  spraying  yields  the  smoothest  finish,  if 
done  properly-  Lacquer-type  products,  such  as 
vinyls,  dry  rabidly  and  should  he  sprayed 
Applying  their*  by  brush  or  roller  may  be 
diflieult.  especially  in  warm  weather  or  outdoors 
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on  breezy  days,  With  regard  to  the  amount  of 
training  that  painters  require,  most  is  spent  on 
spraying  and  least  on  rolling. 

BRUSH-PAINTING  TECHNIQUES 

Select  the  type  of  brush  and  paint  pot 
needed  for  the  job.  The  best  type  of  pot  for 
brush  painting  is  a  l-gal  paint  can  from  which 
the  lip  around  the  top  has  been  removed.  (The 
lid  of  the  can  is  fitted  to  the  lip  around  the  top  ) 
You  can  cut  this  lip  off  with  a  cold  chisel.  When 
you  leave  the  lip  on  the  pot,  it  fills  up  with  paint 
as  you  scrape  the  brush.  This  paint  will  flow 
over  the  lip,  run  down  the  outside  of  the  can, 
and  drip  off- 

Dip  the  brush  to  only  one-third  the  length  of 
the  bristles,  and  scrape  the  surplus  paint  otf  the 
lower  face  of  the  brush,  so  there  will  be  no  drip 
as  you  transfer  the  brush  from  the  pot  to  the 
surface  to  be  painted 

For  complete  coverage  in  applying  paint  by 
brush,  use  the  laying-on,  laying-off  method-  This 
means  using  long,  horizontal  brush  strokes  first 
(laying-on),  then  crossing  your  first  strokes  by 
working  up  and  down  (laying-off).  See  figure 
14-24-  By  laying-on  and  laying-off,  you 
distribute  the  paint  evenly  over  the  surface, 
cover  the  surface  completely,  and  use  a 
minimum  amount  of  paint,  A  good  rule  is  to 
lay-on  the  paint  the  shortest  distance  acrdss  the 
area  and  lay  off  the  longest  distance.  When 
painting  walls  or  any  vertical  surface,  you  should 
lay-on  in  horizontal  strokes,  and  lay-off  in 
vertical  strokes. 


Always  paint  the  ceiling  first  and  work  from 
thy  far  corner-  By  painting  the  ceiling  first,  you 
can  keep  the  wall  Tree  of  drippings  by  wiping  as 
you  go  along-  Be  sure  to  carry  a  rag  for  "wiping 
up"  You  will  also  find  that  paint  coats  on  the 
ceiling  should  normally  be  laid-on  for  the 
shortest  ceiling  distance  and  laid-off  for  the 
longest  ceiling  distance. 

To  avoid  brush  marks  when  finishing  up  a 
square,  you  should  use  strokes  directed  toward 
the  last  square  finished,  gradually  lifting  the 
brush  near  the  end  of  the  stroke  while  the  brush 
is  still  in  motion-  Every  time  the  brush  touches 
the  painted  surface  at  the  start  of  a  stroke,  it 
leaves  a  mark.  For  this  reason,  you  should  never 
finish  a  square  by  brushing  toward  the 
unpainted  area,  but  always  end  up  by  brushing 
back  toward  the  i*ea  already  painted. 

When  painting  pipes  and  narrow  straps, 
beams,  and  angles,  lay-on  and  layoff  a*  shown 
in  figure  14-25, 

ROLLER-PAIN  TIN  G  TECHNIQUES 

Pour  jyemixed  paint  into  a  tray  (tig-  14-26) 
to  about  one-half  of  its  depth.  Immerse  the 
roller,  then  move  it  back  and  forth  along  the 
ramp  of  the  tray  to  fill  the  cover  completely  and 
remove  excess  paint.  As  an  alternative  to  using 
the    tra> ,    place    a    specially  designed 
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Figure  14- 24. -Laying-on  and  laytnfroH.  ?tgw*  14-25.-Patnttng  P*P«  and  rtanehtons. 
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29.140{133F)D 
Figure  14-26, ~ Roller  and  tray. 


galvanized- wire  screen  tnto  a  5-gat  can  of  paint. 
This  screen  attaches  to  the  can  and  remains  at 
the  vorrctt  angle  lor  loading  and  spreading  paint 
on  tho  roller   tSee  figure  To  remove 

entrapped  air  trom  ihe  roller  cover,  work  the 
first  load  ot  paint  out  un  newspaper  You  are 
now  ready  to  apply  the  paint  ( You  should  have 
already  trimmed  around  corners,  moldings,  etc.) 
In  rolling  p.,int  unto  a  surface,  always  work  a 
dry  urea  into  the  just-painted  area.  Never  rol! 
completely  m  the  same  or  one  direction  Do  not 
roll  too  t*i^t  to  avoid  spinning  ihe  roller  at  the 
end  ot  a  stroke  Always  tether  out  final  strokes 
to  pivk  up  any  excess  paint  on  the  surface.  Do 
this  by  rolling  out  the  hnal  stroke  with  minimal 
pressure  flet  as  Jose  as  possible  to  surfaces 
aireads  tninmcd  F^y  brush  maintaining  the  same 
texture 

SPRAY  Mi  THOD 

When  you  vjuje/e  the  trigger  ol  a  paint 
spray  t;un.  an  air  \ahe  opens  to  admit 
compressed  air  Ihe  air  passes  through  the  gun 
body  to  (he  spray  head  In  an  external-mix  type 
of  spray  head*  the  air  does  not  *ome  in  contact 
with  the  paint  uissdt,  ihe  gun,  but  is  blown  out 
through  sinai)  holes  drilled  in  ihe  air  cap  A  thin 
jet  n\  pamt  is  shot  out  ot  the  nozzle*  and  file 
for^e  ot  tii  nr  >,fntin£  it  spreads  the  jet  into  a 
tjnc  spras 
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Figure  14*27  -Rotter  and  wire  screen  attachment  to  can. 


Spray-Gun  Adjustment 

The  firs!  ^>tep  is  correctly  adjusting  th^ 
AIR-CONTROL  and  MATERIALS  ON  I  ROL 
screws  in  order  to  produce  the  type  ot  spray 
best  minted  to  the  work  Ihe  air-control  m  rew 
adjusts  the  width  and  the  density  ot  the  spray. 
Turning  this  screw  clockwise  convent  rates  the 
material  nun  j  i<umd%  dense  sprav  4  turning 
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counterclockwise  widens  the  spray  into  a 
fan-shaped,  diffused  spray.  As  the  spray  is 
widened,  the  flow  of  material  must  be  increased. 
To  do  so,  mm  the  material-control  screw 
clock  wi«*  Turning  this  screw  counterclockwise 
decreases  the  flow.  The  most  desirable  form  of 
spra*1  ( ranging  from  round  and  solid  to 
fan-shaped  and  diffused^  depends  upon  the 
characteristics  of  the  surface  and  the  type  of 
material  being  sprayed.  Experience  and  trial  are 
your  only  guides  here  Practice  spraying  on 
waste  material,  making  different  adjustments, 
until  yo»i  get  a  spra>  that  co\ers  uniformly  and 
adequately 

Operational  Defects 
of  the  Spray  Gun 

Uneven  distribution  ot  the  spray  pattern 
result*  uMen  one  or  more  air  outlet b  are  dogged 
or  the  control  screws  are  adjusted  incorrectl) . 

SPITTING  is  the  alternate  discharge  of  paint 
and  air  Common  causes  of  spitting  are  dry 
packing  around  the  mate  rial -control-needle 
valve,  kwsenesb  of  the  material  nozzle,  and  dirt 
in  the  material-nozzle  seat.  To  remedy  dry 
packing,  back  of!"  the  material-control  needle 
valve  anr  place  two  drops  of  machine  oil  on  the 
packing  To  remedy  looseness  of  the  material 
noz/le  and  dirt  on  the  nozzle  scut,  first  remove 
the  nozzle  Next,  clean  the  nozzle  and  the  seat 
with  thinner.  Then,  screw  the  nozzle  tightly 
back  into  place. 

AIR  LEAKAGE  from  the  front  of  the  gun  ib 
usually  caused  by  improper  seating  of  the  air 
valve  in  the  AIR-VALVE  ASSEMBLY  shown  m 
f  igure  14*13-  Improper  seating  may  be  caused  by 
foreign  matter  on  the  valve  or  seat,  by  wear  on 
or  damage  to  the  valve  or  seat,  by  a  broken  valve 
spring,  or  by  sticking  of  the  valve  stem  caused 
by  lack  of  lubrication, 

PAINT  LEAKAGE  Jrom  the  front  of  the 
gun  is  usually  caused  by  improper  seating  of  the 
material-needle  valve  Improper  seating  may  be 
caused  oy  damage  to  tht  valve  stem  or  tip.  by 
toreign  matler  on  the  tip  or  seat  or  by  a  broken 
valve  spn  g 


Spray -Painting  Techniques 

Complete  instructions  for  the  care, 
maintenance,  and  operation  of  a  spray  gun  arc 
contained  in  the  manufacturer's  manual,  and 
these  instructions  should  be  carefully  followed. 
A  few  of  the  major  spray-painting  techniques  arc 
given  here.  The  handling  of  a  spray  gun  is  best 
learned  by  practice,  but  this  section  will  give 
you  some  tips  for  using  a  spray  gun. 

Before  starting  to  spray,  check  adjustments 
ami  operation  of  the  gun  by  testing  the  spray  on 
a  surface  sunilar  to  that  which  you  intend  to 
coat. 

There  are  no  set  rules  for  spray-gun  pressure 
or  distance  to  hold  the  gun  from  the  surface 
because  pressure  and  distance  vary  considerably 
with  the  nozzle,  the  paint  used,  and  the  surface 
to  be  coated.  The  minimum  pressure  necessary 
to  do  the  work  is  the  most  desirable,  and  the 
distance  normally  is  fron.  6  to  10  in. 

Alway  s  keep  the  gun  perpendicular  to  and  at 
i he  i;une  distance  from   the  surface  being 
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Fiqura  14-28^Ho!d  spray-guti  perperKhailar  to  surface. 
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80.243       Figure  14-30. -Right  and  wrong  methods  of  spraying  an 
Figure  14- 29. -Pro per  sprav-gun  stroke.  outside  corner. 


painted  (See  figs.  14-28  and  14-29.)  Start  the 
stroke  before  squeezing  the  trigger,  and  release 
the  trigger  before  completing  the  stroke.  When 
the  gun  is  not  held  perpendicular  or  is  held  too 
far  away,  part  of  the  paint  spray  will  evaporate 
and  strike  the  surface  in  a  nearly  dry  state.  This 
is  called  dusting.  When  you  fail  to  start  the 
stroke  before  starting  the  spray  or  spraying  to 
the  end  of  the  stroke,  H  will  cause  the  paint  to 
build  up  at  each  end  of  the  stroke,  and  the  paint 
will  run  or  sag,  When  you  arch  the  stroke,  it  is 
impossible  to  deposit  the  pamt  in  a  uniform 
Coat 

When  spraying  an  inside  or  outside  corner, 
stop  1  or  2  inches  short  of  the  corner,  as  shown 
in  figure  14-30  Da  this  on  both  sides,  then  turn 
your  gun  on  its  side,  and  starting  at  the  top, 
spray  downward,  coating  both  sides  at  once. 

In  spraying  a  large  area  into  which  small 
parts  and  pieces  protrude,  first  coat  them 
lightly.  Then,  go  over  the  whole  surface.  In 
painting  an  office,  for  example,  first  spray  the 
door  frames  and  al!  small  items  secured  to  the 
walls,  then  do  the  entire  office.  This  eliminates  a 
lot  of  touching  up  later. 

Common  Spraying  Defects 

The  most  common  defects  in  sprayed  paint 
coats  are  "orange  peel/'  runs  and  sags,  pinholes 
blushing,  peeling  and  bleeding 


ORANGE  Pn.EL  describes  a  dried  painted 
surface  having  a  pebbled  texture  resembling  an 
orange  peel.  It  may  be  caused  by  using  improper 
thinners*  a  spray  which  is  not  fine  enough, 
holding  the  gun  too  far  from  for  too  close  to) 
lhe  surface,  improper  mixing  of  the  material, 
drafts,  or  low  humidity. 

RUNS  are  usually  caused  by  using  paint  that 
is  too  thin.  They  can  also  be  caused  by  allowing 
too  much  lap  in  spraying  strokes  and  by  poor 
adjustment  of  the  spray  gun  or  pressure  tanx. 

PINHOLES  may  be  caused  by  the  presence 
of  waler  or  excessive  thinner  in  the  paint,  or  by 
heavy  applications  of  quick-drying  paint.  In 
either  case*  small  bubbles  form  then  break  while 
drying*  leaving  smail  holes. 

BLUSHING  resembles  a  powdering  of  the 
paint.  What  happens  is  that  the  cellulose 
materia]  in  the  paint  separates  from  its  solvent 
and  returns  to  its  original  powder  form.  The 
usual  cause  of  blushing  is  moisture  in  the  air. 
When  blushing  occurs*  you  will  have  to  remove 
the  defective  coating  because  the  moisture  is 
trapped  within  the  material  and  will  remain 
there  unless  the  coating  is  removed- 

PEELING  is  nearly  always  due  to 
carelessness  in  cleaning  the  surface.  Before 
spraying  is  attempted,  the  surface  must  be 
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absolutely  clean.  Cheap  spray  materials  will 
sometimes  adhere  poorly,  but  not  if  standard 
Navy  paints  are  used. 

BLEEDING  occurs  when  the  color  of  a 
previous  coat  discolors  the  finish  coat.  It  is 
caused  by  spraying  another  color  over  paint 
containing  a  strong  aniline  Jye. 


Care  of  the  Spray  Head 


Spray  guns  must  be  cleaned  thoroughly  after 
.they  are  used.  The  steps  in  cleaning  a 
pressure-feed  gun  are  shown  in  figure  14-31. 
First,  back  up  the  fluid  needle-adjusting  screw 
and  release  the  pressure  from  the  pressure  lank 
by  means  of  the  release  valve.  Hold  a  cloth  over 
the  air  cap  and  pull  the  trigger— this  forces  the 
spray  material  back  into  the  tank.  Now  remove 
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Figure  1442.-$tep*  in  cleaning  a  container-type  gun* 


the  fluid  hose  from  the  gun  and  run  a  solvent 
through  it.  There  is  a  special  hose  cleaner  made 
for  this  purpose.  Dry  out  the  tip  and  clean  the 
tank.  Soak  the  air  cap  in  solvent.  If  the  holes  are 
clogged,  use  a  toothpick  to  clean  them.  Put  all 
clean  parts  back  in  place,  and  the  gun  is  ready 
for  use  again. 

To  clean  a  container-type  gun  (fig.  14-32), 
first  remove  the  container.  Then,  hold  a  cloth 
over  the  air  cap  and  pull  the  irigger.  Empty  the 
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Figure  14*31.— Step*  in  cleaning  &  presturfr-feod  gun. 
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Figu  e  14*33.- Lubrication  points  of  a  jpray-gun* 
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Table  14- 8. -Spray -Gun  Trouble*,  Pottible  Cause*,  and  Remedies 


TROUBLES 

POSSIBLE  CAUSES 

REMEDIES 

Air  teaks  from  front 

Foreign  matter  on  valve  seat 

Clean 

of  gun 

worn  or  uamdgcu  valve  s&ai 

Sticking  valve  stem 
Bent  vaive  stem 
Packing  nut  loose 

Lubricate 

Replace 

Adjust 

Fluid  leaks  from  front 
of  gun 

Worn  or  damaged  fluid  tip 

or  needle 
Foreign  ir-iter  in  fluid  tip 
Packing  nut  too  tight 
Wrong  size  needle 

Replace 

Clean 

Adjust 

Replace 

Jerky  or  fluttering 
spray 

(both  suction-and  pressure 
feed) 

Insufficient  material  in  container 
Tipping  container  to  excessive 
angle 

Obstructed  fluid  passageway 
Loose  or  cracked  fluid  tube 
Loose  fluid  tip  or  damaged 
tip  seat 

Refill 

Take  greater  ca*e 
Clean 

Tighten  or  replace 
Tighten  or  replace 

Jerky  cr  fluttering 

Too  heavy  a  material 

Change  to  pressure-feed 

spray 

(suction  feed  only) 

Clogged  air  vent  in  container 
lid 

Clean 

Loose  or  damaged  coupling 
nut  or  cup  lid 

Tightcri  or  replace 

Fluid  tube  resting  on  bottom 

Use  proper  fluid  tube 

Defective  spray 
pattern 

Air  cap  horn  holes  partially 
pulgged 

Rotate  air  cap  1  /2  turn  and 
spray  another  pattern. 

Dirt  on  air  cap  or  fluid 
nozzle 

If  defect  is  inverted,  fault  is 
on/in  air  cap.  If  pattern  is 
same,  fault  is  on/in  fluid 
nozzle.  Clean  proper  part. 

container  and  pour  in  a  small  quantity  of 
solvent  Attach  the  container  to  the  gun  and 
spiay  in  the  usuai  way.  This  process  cleans  ou* 
all  passageways.  Clean  the  air  cap  by  soaking  it 
in  a  solvent,  then  replace  it.  Some  spray-gun 
troubles*  their  possible  causes,  and  their 
remedies  are  listed  in  table  14*8. 


Lubrication  of  the  Spray  Gun 

Your  spray  gun  also  needs  a  little  lubneation 
from  tune  to  time.  The  fluid-needle  packing 
should  be  removed  and  softened  with  oil.  The 
fluid-needle  spring  should  be  coated  with  grease 
or  petrolatum.  Figure  14-33  shows  these  parts 
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and  also  boles  wh*re  you  should  occasionally 
put  in  a  few  drops  of  light  oil. 


Removing  the  Spray  Head 


To  clean  or  repair  the  spray  head,  or  to 
change  the  color  of  paint,  you  may  have  to 
remove  the  spray  head,  usually  a  simple 
operation  First,  remove  the  gun  from  the  air- 
and  fluid-hose  lines.  Holding  the  gun  in  the  left 
hand,  pull  the  trigger  all  the  way  back  and 
loosen  the  locking  bolt  with  the  wrench 
provided  for  the  purpose.  Push  the  trigger 
forward  as  far  as  possible,  and  pull  the  spray 
head  forward.  (See  fig.  14-34.)  To  replace  the 
head,  push  the  trigger  forward  and  insert  the 
spray  head.  Then,  hold  the  trigger  back  and 
tighten  the  locking  bolt. 


COVERAGE  OF  PAINT 


The  area  a  gallon  of  paint  will  cover  depends 
on  the  nature  of  the  surface,  character  of  the 
paint,  method  of  application,  and  other' 
variables.  It  is  impossible  to  lay  down  hard  and 
fast  rules  for  estimating  coverage  because  of 
these  variables.  Table  14-9  gives  a  rough  estimate 


of  the  average  coverage  per  gallon  for  brush 
painting. 

You  should  develop  the  ability  to  estimate 
the  number  of  man-hours  and  amount  of  paint 
required  to  do  the  ordinary  painting  jobs.  It 
helps  to  keep  a  set  of  notes  on  the  jobs  that 
your  crewmembers  do.  Note  such  things  as  the 
number  of  square  feet  per  gallon  that  different 
types  of  paint  will  cover  when  applied  by  each 
method  of  painting,  the  time  required  to  ready 
the  equipment  for  spraying,  the  number  of 
square  feet  a  team  can  paint  in  an  hour,  the 
number  of  gallons  of  paint  required  for  each 
structure,  and  so  on. 

For  example: 

Paint  coverage  (square  feet  per  gallon) 
1-  Fnamel-400  (brush) 

2.  Enamel-  425  (spray) 

3.  Flat-400  (brush) 

4.  Flat -430  (spray) 

Team  #1  (experience  ) 


Readying  equipment. _hr  (. 
Avcrage_sq  ft  perhr 


.  helpers) 


LOCKING  BOLT: 


PUSH  TRIGGER 
FORWARD  AND — 


HOLD  TRIGGER 
BACK  AND  LOOSEN 
LOCKING  BOLT 


REMOVE  SPRAY 
HEAD 


60.247 


FigurTl^^^^eaiaoving  the  *pray  hood, 
14-30 
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Table  14-9,-Average  Paint  Coverage 


Area  in  Square  Feet  per  Gallon 


Type  of  Surface 

Primer  or 
First  Coat 

Second 
Coat 

Third 
Coat 

Exterior 

Wood  Siding  and  Trim 

Flat  Oil 

300 

OCA 

350 

j  Art 

400 

Shingle  Stain 

80 

125 

Concrete  Masonry  Unit 

Cement  Base 

100 

150 

200 

Latex 

150 

200 

250 

Interior 

Plaster          Flat  Oil 

300 

350 

400 

Gloss  Oil 

300 

350 

400 

Latex 

300 

350 

400 

Concrete  Masonry  Unit 

Cement  Base 

100 

150 

200 

Latex 

150 

200 

250 

133.412 


PAINT  FAILURES 

A  paint  which  reaches  the  end  of  its  useful 
life  prematurely  is  said  to  have  failed.  Even 
protective  coatings  properly  selected  and  applied 
on  well -prepared  surfaces  will  gradually 
deteriorate  and  eventually  fail.  The  speed  of 
deterioration  under  such  conditions  is  less  than 
when  improper  painting  procedures  are  carried 
out.  Inspectors  and  personnel  responsible  for 
maintenance  painting  must  recognize  signs  of 
deterioration  in  order  to  establish  an  effective 
and  efficient  system  of  inspection  and 
programmed  painting.  Repainting  at  the  proper 
time  will  avoid  the  problems  resulting  from 
painting  either  too  soon  or  too  late.  Applying 
paint  ahead  of  schedule  is  costly  and  eventually 
-esults  in  a  heavy  buildup  that  tends  to  quicken 
deterioration  of  the  paint.  Applying  paint  after 
it  is  scheduled  results  in  costly  surface 
preparation  and  may  be  responsible  for  damage 


to  the  structure,  whrh  then  may  require 
expensive  repairs. 

The  following  sections  describe  the  common 
types  of  paint  failures,  the  reasons  for  such 
failures,  methods  of  prevention,  and/or  cures. 

CHALKING 

Chalking  is  the  result  of  paint  weathering  at 
the  surface  of  the  coating.  The  vehicle  is  broken 
down  by  sunlight  and  other  destructive  forees> 
leaving  behind  loose,  powdery  pigment  that  can 
easily  be  rubbed  off  with  the  finger.  (See  fig. 
14-35.)  Chalking  takes  place  rapidly  with  soft 
paints,  such  as  those  based  on  linseed  oil. 
Chalking  is  most  rapid  in  areas  exposed  to 
sunshine.  In  the  northern  hemisphere,  for 
example,  chalking  will  be  most  rapid  on  the 
south  side  of  a  building.  On  the  other  hand, 
little  chalking  will  take  place  in  areas  protected 
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Figure  14- 3 5. -Degrees  of  chalk. 
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from  sunshine  and  rain,  such  as  under  eaves  or 
overhangs.  Controlled  chalking  can  be  an  asset* 
especially  in  white  paints,  since  it  is  a 
self-cleaning  process  and  helps  to  keep  the 
surface  clean  and  white.  Furthermore,  the 
gradual  wearing  away  reduces  the  thickness  of 
the  coating,  thus  allowing  continuous  repainting 
without  making  the  coating  too  thick  for 
satisfactory  service.  Chalked  paints  are  also 
generally  easier  to  repaint  since  the  underlying 
paint  is  in  good  condition  and  requires  little 
surface  preparation.  This  is  not  so  in  the  case  of 
waterthinned  paints*  they  adhere  poorly  to 
chalky  surfaces. 

AL LEGATO  RING 

Alligatoring  describes  a  pattern  in  a  coating 
which  looks  like  the  hide  of  an  alligator.  It  is 
caused  by  uneven  expansion  and  contraction  of 
the  undercoat.  (See  fig,  14-36.)  Aliigatoring  can 
be  caused  by: 
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rigu^  14-36— Alligator  in  g. 


BLISTERING 


L  Applying  an  enamel  over  an  oil  primer. 
2*  Painting  over  bituminous  paint,  asphalt* 

pitch,  or  shellac. 
3,  Painting  over  grease  or  wax. 

PEELING 

PEELING  (fig,  14-37)  results  from 
inadequate  bonding  of  the  topcoat  with  the 
undercoat  or  the  underlying  surface.  It  is  nearly 
always  caused  by  inadequate  surface 
preparation.  A  topcoat  will  peel  when  applied  to 
a  wet  surface,  a  dirty  surface,  an  oily  or  waxy 
surface,  or  a  gbssy  surface.  All  glossy  surfaces 
must  be  sanded  before  painting. 


BLISTERING  (fig.  14-38)  is  caused  by  the 
development  of  gas  or  liquid  pressure  under  the 
paint.  The  root  cause  of  most  blistering,  other 
than  that  caused  by  excessive  heat,  isinadequate 
ventilation  plus  some  structural  defect  that 
allows  moisture  to  accumulate  under  the  paint. 
All  blisters  should  be  scraped  off*  the  paint 
edges  around  them  should  be  feathered  with 
sandpaper,  and  the ylj^re  places  primed  before 
the  blistered  area  is  repainted. 

CHECKING  AND  CRACKING 

Checking  and  cracking  describe  breaks  in  the 
paint   film  which  are   formed  as  the  paint 
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133£42(133F)A 
Figure  14-39, -Severe  checking. 


Figure  14*37.  -Peeling. 
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described  as  tiny  breaks  which  take  place  only  in 
the  upper  coat  or  costs  of  the  paint  film  without 
penetrating  to  the  substrate.  The  pattern  is 
usually  similar  to  a  crowsfoot.  (See  fig,  14-39.) 
Cracking  describes  larger  and  longer  breaks 
which  extend  through  to  the  substrate.  (See  fig, 
1440,}  Both  are  a  result  of  stresses  whi£h 
exceed  the  strength  of  the  coating.  Whereas 
checking  ar^es  from  stresses  within  the  paint 
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Figure  14*36i-BH*tering. 


becomes  hard  and  brittle.  Temperature  changes 
cause  the  substrate  and  overlying  paint  to 
expand  and  contract  As  the  paint  becomes 
hard,  it  gradually  loses  its  ability  to  expand 
without  breaking  to  some  extent.  Checking  is 


133>242(133F)B 
Figure  14-40,-Severe  crocking. 
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film,  cracking  is  caused  by  stresses  between  the 
film  and  the  substrate.  Cracking  will  generally 
take  place  to  a  greater  extent  on  wood  than  on 
other  substrates  because  of  its  grain.  Therefore, 
the  stress  in  the  coating  is  greatest  across  the 
grain  causing  cracks  to  form  parallel  to  the  grain 
of  the  wood.  Checking  and  cracking  are 
aggravated  by  excessively  thick  coatings  due  to 
their  reduced  elasticity. 

CRAWLING 

Crawling  describes  the  failure  of  a  new  coat 
of  paint  to  wet  and  form  a  continuous  film  over 
the  preceding  coat,  This  happens  when  latex 
paints  are  applied  over  high-gloss  enamel  or 
when  paints  are  applied  on  Concrete  or  masonry 
treated  with  a  silicone  water  repellent.  (See  fig. 
14-4K) 

INADEQUATE  GLOSS 

Sometimes  a  glossy  paint  fails  to  attain  the 
normal  amount  of  gloss.  This  may  be  caused  by 
( I )  in  ad  equate  surface  preparation,  (2) 
application  over  an  undercoat  which  is  not 
thoroughly  dry,  and  (3)  application  in  cold  or 
foggy  weather. 

PROLONGED  TACKINESS 

A  coat  of  paint  is  dry  when  it  ceases  to  be 
"tacky"  to  the  tou,:ht  and  prolonged  tacl^ness 


Figure  14*41.  -Crawling,  133.406 


indicates  excessively  slow  drying,  Tins  may  be 
caused  by  (a)  insufficient  drier  in  the  paint,  (b)  a 
low-quality  vehicle  in  the  paint,  U)  applying  the 
paint  too  thickly,  (d)  painting  over  an  undercoat 
which  is  not  thoroughly  dry,  (c)  painting  over  a 
waxy,  oily,  or  greasy  surface,  and/or  (0  painting 
in  damp,  wet,  or  foggy  weather. 

WRINKLING 

When  paint  is  applied  too  thickly,  especially 
in  cold  weather,  the  surface  of  the  coat  dries  to 
a  skin  over  a  layer  of  undried  paint  underneath. 
This  usually  causes  WRINKLING  like  that 
shown  in  figure  14-42,  Wrinkling  can  be  avoided 
in  brush  painting  or  roller  painting  b>  brushing 
or  rolling  each  coat  of  paint  as  thinly  as  possible. 
In  splay  pdmliug,  you  can  avoid  wrinkling  by 
keeping  the  gun  in  constant  motion  over  the 
surface  whenever  the  trigger  is  down. 


WOOD  PRESERVATIVES 

Damage  to  wood  buildings  and  other 
structures  by  termites,  'vood  bores,  and  fungi  is 
needless  waste.  Defects  in  wood  have  been 
caused  by  improper  care  after  preservation 
treatment.  All  surfaces  of  treated  wood  that  are 
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Figure  1442, -Wrinkling, 
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Tabte  14-10, -Recommended  Preservatives  artd  Retentions  for  Ties,  Lumber,  Piles,  Pofes.  and  Posts  (Fed  Spec  TT-W-571} 


Product 


Ties  (crossties,  switch  ties,  and 

bridge  ties)  

Lumber,  and  structural  Umbers: 
For  use  m  coastal  waters: 
Douglas  fir  (coast  type) 

lumber  and  timbers- 
Southern  yellow  pine  lumber 
and  timbers 
For  use  in  fresh  water,  in 
contact  with  ground  or  for 
important  structural  mem- 
bers not  in  contact  with 
ground  or  water. 
For  other  use  not  in  contact 
with  ground  or  water* 
Pues: 

For  use  in  coastal  waters: 
Douglas  fir  (coast  type). 
Southern  yellow  pine  -  * 
For  land  or  fresh  water  use 
Poles  (utility  and  building)  .  . 
Posts  (round,  fence)  


Minimum  net  retention  of— (Pounds  per  cubic  foot) 


Coal-tar 
creosote 

(TT- 
W-556) 


14 
20 
10 


17 
20 
12 
8,  10 
5 


Creosote* 
coal  tar 
solution 

(TT- 
W-566) 


14 
20 
10 


17 

20 
12 


Creosote- 
petroleum 

solution 
(TT- 

W-568) 


12 


14 

7 


Pentachloro- 
phenol,  5 
percent  in 
petroleum 

(TT-W-570) 


10 


12 
8,  10 

6 


Copper 
naphtheuate 
(0.75  per- 
cent copper 
metal)  in 
petroleum 
(AWPA 
P6) 


»0 


tf,  10 
6 
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cut  or  drilled  to  expose  tlie  untreated  interior 
must  be  treated  with  the  proper  application  of 
wood  preservative. 

The  capacity  of  any  wood  to  resist  dry  rot, 
termites,  and  decay  cm  be  greatly  increased  hy 
impregnating  the  wood  with  a  general- purpose 
wood  preservative  or  fungicide,  Prescribed 
preservatives  are  listed  in  table  14-10. 

Different  woods  have  different  rapacities  for 
absorbing  preservatives  or  other  liquids.  In  any 
given  wood,  the  sapwood  is  more  absorbent  than 
the  heartwood.  Hardwoods  are  in  general*  less 
absorbent  than  softwoods.  Naturally,  the  extent 


to  wluJi  a  preservative  Motets  increases 
directly  with  the  distance  to  winch  it  penetrates 
below  the  surface  of  the  wood.  The  best 
penetration  is  obtained  by  ,i  pressure  method 
which  requires  equipment  you  will  not  have 
generally  available.  Nonpressure  methods  ol 
applying  preservatives  to  a  surface  include 
dipping,  brushing,  and  spraying, 

Figure  14-43  shows  how  you  can  improvise 
long  tanks  for  thf  dipping  method.  Absorption 
is  rapid  at  first,  much  slower  later.  A  rule  of 
thumb  sa>s  that  m  3  minutes,  wood  will  have 
absorbed    one-half   the    total    amount  of 
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Figure  1443,  -  f  nryprovtted  tank*  for  dipt  rearing  Cumber. 


preservative  it  will  absorb  in  2  hours.  However 
the  extent  of  the  penetration  will  depend  upon 
the  type  of  wood,  its  moisture  content*  and  the 
length  of  time  it  remains  immersed. 

Surface  application  by  brush  or  *;pra>  is  the 
least  satisfactory  method  of  treating  wood*  from 
the  standpoint  of  maximum  penetration. 
However*  it  is  more  or  less  unavoidable  in  the 
case  of  alread>  installed  wood,  as  well  as  treated 
wood  which  has  been  cut  or  drilled  to  expose 
the  untreated  interior. 

Pentachlorophenol  and  creosote  coal  tar  are 
likely  to  be  the  only  field-mixed  preservatives 
used  by  the  Builder.  The  tyPe  of  treatment  or 
preservative  depend*  on  the  severity  of  exposure 
and  the  desired  life  of  the  end  product.  Types 
and  uses  of  wood  preservatives  are  shown  in 
table  14-10,  When  applying  preservatives,  the 
builder  should  make  it  a  piactice  to 

1.  Avoid  undue  skin  contact 

1  Avoid  touching  the  face  or  rubbing  the 
eyes  when  handling  pretreated  material. 

3.  Avoid  inhalation  of  toxic  (poisonous) 
material 

4*  Work  only  in  a  properly  ventilated  space 
and  use  approved  respirators. 

5,  Wash  with  soap  and  water  after  Contact. 


STORAGE  OF  EQUIPMENT 

The  amount  and  kinds  of  EQUIPMENT 
available  will  depend  on  the  'top  to  winch  you 
are  assigned.  This  equipment  may  include  either 
a  paint  spray  outfit  of  5-gal  capacity  or  a 
lightweight,  portable,  i-qt  capacity  sprayer, 
driven  either  by  air  or  electrically.  The 
equipment  may  also  delude  a  p^int  mixer  of  the 
type  used  with  a  portable  electric  or  pneumztie 
drill  and  respirators  of  the  chemical-cartridge  or 
mechanica^filter  type.  The  nutn'-er  and  types  of 
bruiiies  available  also  m\l  vary. 

You  will  have  to  use  your  own  judgment  as 
to  the  number  of  brushes  to  be  kept  available 
for  daily  use.  The  equipment  should  include  a 
stencil-cutting  machine  wf.h  supplies  and  several 
sets  of  metal-stenciling  letters,  (Incidentally*  the 
paper  used  in  stenciHutting  machines  is  referred 
to  as  stencil  board  J 

This  equipment  must  be  properly 
maintained  to  prolong  its  life  and  to  derive  best 
results  from  its  use.  Before  new  paintbrushes  are 
used,  they  should  be  ensed  with  thinner. 
Rinsing  tightens  the  bristles  and  also  removes 
those  winch  are  loose.  Brushes  should  not  be 
soaked  in  water  to  tighten  the  bristles  <js  th|S  w|" 
cause  the  metal  ferrule  to  rust  or  spin  due  to  the 
swelling  of  tlie  wooden  handle.  Brushes  that  are 
to  be  reused  the  following  day  should  be  marked 
and  used  for  the  same  type  of  colors,  light  or 
dark.  Excess?  paint  should  be  removed  with 
thinner  ana  1he  brushes  suspended  by  the  handle 
with  the  bristles  immersed  in  thinner  or  linseed 
oil  to  just  below  the  bottom  of  the  ferrule.  A 
brush  must  not  be  allowed  io  rest  on  its  bristles* 
its  weight  will  cause  them  to  become  distorted. 
Brushes  that  are  not  to  be  reused  immediately 
should  be  carefully  cleaned  with  the  type  of 
thinner  recommended  by  the  manufacturer, 
washed  thoroughly  with  soap  and  water,  then 
rinsed,  A  protective  cover  and  preservative 
should  be  applied  to  the  brushes  when 
approp,  late.  They  should  either  be  stoied 
suspended  from  racks  or  laid  flat. 

To  clean  a  frozen  brush*  soak  it  in  a 
solvent-type,  nonflammable  paint  and  varnish 
remover,  squeeze  and  scrape  the  softened  paint 
out  of  the  bristles,  and  then  clean  the  brush  with 
thinner  as  previously  described. 

Paint-mixing  attachments  driven  by  an 
electric-powered  or  pneumatic  drill  Jiould  be 
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cleaned  with  thinner.  They  should  be  removed 
from  the  drill  before  cleaning. 

The  spraying  equipment  used  In  the  Navy  in 
of  very  high  qualiEy  and  will  give  excellent 
service  for  years  when  it  is  given  proper  care. 
Frequent  causes  of  unsatisfactory  operation  are 
faulty  assembly,  improper  adjustment,  and 
clogging  due  to  dirt  or  hardened  paint.  Spray 
eqiMpmen  t  should  be  cleaned  with  an 
appropriate  thinner  after  each  job  or  at  the  end 
of  each  day. 

The  paint-supply  hose  should  be 
dtseonfieeted  from  the  tank  and  a  container  of 
thinner  connected.  Pulling  the  trigger  will  force 
the  thinner  through  the  paint  hose  and  gun,  and 
clean  out  the  patnt  remaining  in  them.  The  gun 
should  be  taken  apart  and  eadi  part  cleaned.  Do 
.aiot  soak  the  packing  or  lubricated  parts  with 
thinner:  soaking  will  remote  the  lubricant  and 
cause  the  packing  to  become  hard.  When 
needed,  clean  the  paint  tank  with  thinner  and 
wipe  dry.  All  the  equipment  should  be  stored  in 
its  assigned  place.  The  air  and  paint  hoses  shout1 
always  be  coiled  before  being  stored. 

Respirators  used  in  spray  painting  should  be 
thoroughly  cleaned  with  thinner  after  being  usee1 
in  order  to  remove  the  accumulation  of  paint. 
They  should  (hen  be  wiped  with  a  light 
soap-and*water  solution  to  remove  the  thinner, 
then  wiped  with  clear  fresh  water,  and 
thoroughly  dried.  If  left  damp,  the  metal  parts 
will  rust  and  the  ruhtvr  parts  will  deteriorate. 

It  is  advisable  to  wipe  each  respirator  with  a 
diluted  disinfectant  solution,  since  more  than 
one  individual  may  wear  it.  When  necessary,  the 
mechanical  filters  or  diemieal  cartridges  should 
be  removed  and  checked  after  each  »»se  and 
renewed.  Do  not  use  paint  remover  to  clean  the 
respirator,  paint  hose,  mixer,  or  spray  gun.  The 
corrosive  agent  contained  in  the  remover  will 
cause  this  equipment  to  deteriorate, 

PAINTiNG  SAFETY 

(very  painting  assignment  exposes  Builders 
to  eondiMons  and  situations  that  represent 
actual  or  potential  danger  to  themselves  and  to 
others  in  the  area.  The  necessity  to  use  toxic  and 
flammable  materials,  pressurized  equipment, 
ladders,  scaffolding,  a.id  nggmj;  always  makes 
painting  a  hazardous  job.  Hazards  may  also  be 


inherent  in  the  very  naiuie  ol  the  environment 
or  result  troirj  ignorance  or  carelessness  of  the 
painter.  Therefore,  painting  In/ards  tn;iy  be 
broadly  divided  into  three  major  types 

I    Injury  hazards  involved  in  t he  use 
scaffolds,  ladders  riggmg,  tooly  and  equipment, 

2.  Fire  hazards  from  flammable  materials. 

3,  Health  hazards  from  toxic  and  skin- 
irritating  materials, 

EQUIPMENT  HAZARDS 

The  main  causes  of  painting  accidents  are 
unsafe  working  conditions  or  equipment  and 
careless  personnel.  The  proper  setting  up  and 
dismantling  of  equipment,  the  required  safety 
checks,  and  the  proper  care  of  equipment  may 
require  more  tune  than  is  spent  in  using  it+ 
Nevertheless,  safety  measures  mu^t  be  taken, 

1,  Avoid  wearing  torn  or  npped  clothes, 
cuffs,  loose  pockets,  loo^e  ties,  and  jewelry  sitke 
they  are  potential  causes  of  accidents. 

2,  Wear  hardhats  and  steel-toed  safety 
shoes  whenever  there  is  a  chance  you  might  be 
struck  by  a  falling  object.  To  prevent  foreign 
material  from  eetting  into  your  eyes,  wear  safety 
goggles  or  a  face  shield* 

3,  In  operating  a  sandblaster,  keep  your 
hands  ami  other  body  parts  away  horn  the 
noz/te.  Never  point  the  nozzle  in  the  direction 
of  any  pe.son.  Blasters  mtist  wear  hoous,  masks, 
or  air  helmed  of  the  positive-pressure  type  (llg. 

Also  rubber  and  leather  gloves  and  other 
protective  clothing.  When  working  on  elevated 
places  where  guardrails  are  not  provided,  blasters 
must  wear  safety  belts  as  a  safeguard  against 
falling. 

FIRE  HAZARDS 

Certain  general  rides  regarding  fire  and 
explosion  hazards  apply  to  all  situations.  All 
paint  materials  should  have  complete  label 
instructions  winch  stipulate  the  potential  fire 
hazards  and  precautions  to  be  taken.  Painters 
must  be  continuously  advised  and  reminded  of 
the  fire  hazards  that  exist  under  the  particular 
conditions  of  -each  job.  so  that  they  will  be 
aware  of  the  dangers  involved  and  the  need  to 
worfc  vilely.   Fircfigbting  equipment  of  the 
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Figure  14-44.— Ab  ram  e*b  lasting  helmet. 

proper  type  must  always  be  readily  available  in 
the  paint  shop.  spray  room,  and  other  work  areas 
*here  potential  fire  [maids  exist.  Electric 
wiring  and  equipment  installed  or  used  in  the 
paint  shop,  including  storage  room  and 
spray  room,  must  conform  to  the  applicable 
requirements  of  the  National  Electrical  Code 
(NEC)  for  hazardous  areas.  The  following 
precautions  against  fire  /nusi  be  carefull> 
observed  by  all  painMiandling  personnel 

I.  Prohibit  smoking  in  all  places  where 
paint  is  stored,  prepared  for  use,  or  applied, 

2*  Provide  for  adequate  ventilation  in  these 
places.  If  natural  ventilation  doesn't  work, 
provide  artifical  ventilation. 

3.  Perform  recurrent  spray  operations  on 
portable  items,  such  as  signs,  in  an  approved 
spray  bOoth  ^!iat  is  adequately  ventilated,  and 
equipped  with  a  water-wash  system  for  fume 
removal  and  explosion-proof  electrical  gear. 


4,  Wet  down  spray-booth  surfaces  before 
cleaning  them, 

5,  Use  rubber  feet  on  metal  ladders,  and  be 
certain  that  personnel  wear  safety  shoes  having 
nonskid-rubber  soles  when  working  in  enclosed 
spaces  where  flammable  vapors  are  present. 

6,  Use  nonsparking  scrapers  and  brushes  to 
clean  metal  surfaces  where  fire  hazards  are 
present. 

7,  Wet  down  paint  sweepings,  rags,  and 
vaste  with  water;  then  store  them  in  closed 
metal  containers  until  disposed  of  in  an 
approved  manner, 

8,  Extinguish  all  pilot  lights  on  water 
heaters,  furnaces,  and  other  open- flame 
equipment  on  all  floors  of  the  structure  being 
painted- Be  sure  to  turn  off  the  gas  valve. 

9,  Open  all  electrical  switches  and  tag  them 
to  prevent  their  being  turned  on  inadvertently, 
while  painting  in  confined  areas  near  machinery 
o  "'electrical  equipment. 

i0«  Be  sure  that  all  electric-powered  mixers, 
pumps,  and  motors,  in  the  paint  shop, 
spravroom,  or  on  the  job  are  grounded,  and 
lights  are  explosion  proof. 

11.  Use  pails  of  sand  (never  sawdust)  near 
dispensing  pumps  and  spigots  to  absorb  spillage 
or  overflow. 

12.  Wlule  painting,  kee^  fire  extinguishers 
nearby,  be  sure  that  they  are  of  the  proper  type. 

13.  Make  a  regular  cheek  of  the  ventilation 
and  temperature  in  confined  areas. 

1 4+  Consult  with  the  Construction 
Electricians  before  paint ir^  m  areas  where 
high-voltage  lines  and  equipment  are  located. 

15,  Keep  all  work  areas  clear  of 
obstructions. 

16.  Clean  up  before,  during*  and  after 
painting,  dispose  of  sweepings  and  waste  daily. 

HEALTH  HAZARDS 

Many  poisons  are  used  mi  the  manufacture  of 
paint.  They  are  classified  as  toxic  materials  and 
ski  n*i  rotating  materials.  While  the  body  can 
withstand  nominal  quantities  of  poisons  for 
relatively  short  periods  of  time,  overexposure  to 
them  may  have  harmful  effects.  Furthermore, 
continued  exposure  to  some  may  cause  the  body 
to  become  sensitized  so  that  subsequent  contact, 
even  in  small  amounts,  may  cause  an  aggravated 
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reaction.  Io  this  extent  these  poisons  are  a 
definite  threat  fo  normal!}  health*  individuals 
and  j  serums  danger  Co  persons  having  chronic 
Ulnesse>  or  disorders.  Nevertheless,  health 
hazards  ^ jn  ho  avoided  h>  a  common  sense 
approach  oi  avoiding  unnecessary  contact  with 
toxu  Mr  skm-irntutinir  materials. 
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Figure  14  45  -Atr  supply  respirator 
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Figure  14-46  -MiehatucaP  fitter  respirator 
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Figure  14-47  -Chemical  cartridge  respirator 


In  >pr,o  pi>n^m_"  h:jne^  and  jMrtkJe^ot  the 
pigment  and  the  veb^le  are  released  in'o  die  ;ut\ 
Breathmi:  these  fumes  and  p«irtkh>  or  otherwise 
absorbing  them  into  ymr  b<nlv  eould  K*  fatal. 

1,  Alwa\s  u>e  an  air-supph  rospiraMMfig 
14-45)  when  working  m  hrdiK  tanks  nr  other 
places  whef\  there  i^  no  ventilation  f  re^h  ajr. 
p^nlied  by  1  charcoal  <.jrirkk\\  h  led  to  the 
breathing  compartment  ot  this  respirator 
through  a  ^ompre>sed  a*r  hne 

2,  Wear  a  mediariKjI-nlkF  tesptrai«*f  Hie 

u*  pr^teU  a^ims!  duu  Loused  hy 
>andmii  Tins  t>pe  oJ  re  >p!  rat  or  ^mtain>  hliers 
onlv. 

r  Wear  a  'it»k  ^Kartridtie  re^pnator  i  tij: 
j ^4^-4 ^ >  \<f  protect  aejjnsf  hur.es,  It  contains  an 
activated  carbon  ^.artndiie  *  hkh  absorbs  the 
fumes 

4,  Weal  vlran  ■vl'^huvj  vvhiJ-  overs  von  ^ 
mudi  ^  i^AMhk'  1^ r  avoid  ^kir>  *.ori?*kf  with  the 
p  nnt  or  ^  i>  amm?  m  sh  rials. 
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B  y  using  a  variety  of  preengineered 
buddings,  a  construction  battalion  is  able  to  set 
up  Hving  quantrs>  messhalls.  latrines,  storage 
spaces,  and  other  essentia]  accommodations.  The 
construction  battalion  may  be  called  upon  to 
erect  an  advanced  base  using  preengineered 
buildings  and  tents.  Examples  include  the  use  of 
tents  tn  constructing  refugee  centers  on  Guam 
and  at  several  sites  in  the  United  States. 


PREPLANNING 

A  preplan  of  the  erection  procedures,  based 
upon  a  study  oi  the  working  drawings  and  of  the 
manufacturer's  instructions,  should  be  made  in 
advance.  Consideration  should  be  giver  to  t'te 
manpower,  equipment*  rigging,  and  tools  &  *t 
will  be  required,  and  everything  necessary  in  this 
line  should  be  procured.  Advantages  of 
constructing  and  using  jigs  or  templates  for 
assembling  paits  of  similar  trusses!,  frames.  <?nd 
the  ijee  should  also  be  considered*  1 

The  component  parts  of  a  p  ^fabricated 
structure  are  shipped  K.D..  which  stands  for 
knocked  down.  A  manufacturer's  instruction 
manual,  containing  working  drawings  and 
detailed  instructions  as  to  how  the  paro  shuuld 
be  assembled*  accompanies  the  shipment. 
Directions  vary  with  different  types  of 
structures,  but  there  are  certain  baiic  erec  tion 
procedures  which  should  he  follo  wed  in  all 
cases 

The  working  drawings  will  show  that  certain 
items  are  NOT  prefabricated  and  included  *n  the 
shipment,  but  must  be  constructed  in  the  field. 
Plans  must  be  made  in  advance  for  the 
procurement  of  ^cessary  materials  for  these 
rk*ms  as  required,  foundations,  for  example,  are 
often  designated  **to  be  constructed  :n  the 
field." 


Preplanning  shou'.i  also  include  the 
establishment  of  (he  most  logical  and 
expeditious  construction  sequence 

IMPORTANCE  OF  FOUNDATIONS 

hi  addition  to  the  usual  reasons  for  stressing 
the  impostance  of  a  square  anJ  level  foundation, 
there  is  another  reason  peculiar  to  ttv  erection 
of  a  prefabneated  structure,  Prefabricated  parts 
are  designed  to  nt  togeth^i  ll/:thovt  forcing.  If 
the  foundation  even  slightly  out  of  square 
and/or  level,  many  of  the  parts  will  rot  fit 
together  as  designed. 

DISTRIBUTION  OF  PARTS 

Parts  a*£  assembled  for  shipment  in  various 
kinds  of  groups,  bundles,  and  containers,  which 
ar.  called  PACKAGES  When  the  shipment 
ar  ves  at  the  site,  the  packages  should  be 
y  r*  nged  in  the  storage  areas  so  as  to  be  available 
in  t*ie  orcier  indicated  by  the  preestablished 
ereCu^n  sequences. 

As  unpackaging  proceeds,  check  the  parts 
agamst  the  bill  of  materials  to  insure  that  all 
parts  have  been  included  in  the  shipment.  If  any 
pail  is  missing,  you  should  report  this  fact  at 
once  so  that  steps  can  be  taken  immediately  to 
remedy  the  situation.  Examine  all  parts  closely 
tor  damage  or  defects,  and  promptly  report  any 
damage  or  defect  noted, 

As  parts  are  unpackaged>  mark  their  order  of 
ircction.  if  necessary  and  then  distribute  them 
to  rhe  positions  indicsttd  by  the  working 
drawings  or  sequence  of  construction.  Whenever 
possible,  make  a  precheck  to  insure  that 
adjoining  parts  will  fit  together  accurately  when 
erected. 

Remember  (hat  prefabricated  parts  are 
designed  to  fit  together  WITHOUT  FORCING. 
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!f  they  do  not,  the  cause  is  one  of  the  following. 
(1)  foundation  b  not  right,  (2)  one  of  the  parts 
is  the  wrong  part,  or  (3)  one  of  the  parts  was  not 
constructed  cor/ectly. 


TYPES  OF  FIELD  STRUCTURES 

The  Quonset  hut  and  the  Butlerhut  are  types 
of  metal  buildings  that  are  of  concern  to  a 
Builder  Although  the  Quonset  hut  is  no  longer 
being  manufactured,  many  art  still  in  use  at 
various  construction  sites  that  are  being 
maintained  by  the  SEABEES. 

The  Butlerhut  is  a  preengineered  building* 
built  to  specifications  by  the  Butler 
Manufacturing  Company  for  use  by  the  Armed 
Forces,  The  Butlerhut  is  a  small  version  of  a 
40-  by  lOOfoot  Butler  building.  It  is  normally 
erected  by  the  Steelworkers,  but  Builders  often 
assist. 

THE  QUONSET  HUT 

The  Quonset  hut,  a  prefabricated  structure 
developed  dunng  World  War  II  at  Quonset  Point, 
Rhode  Island^thus,  the  n£mc  Ouorset  hat)  ha* 
since  been  used  extensively  at  advanced  bases 
for  almost  any  purpose  imaginable -from  the 
housing  of  personnel  to  the  storing  of  supplies 
and  equipment.  Its  use,  however*  wii.  be 
discontinued  upon  depletion  from  storage  depot 
stock,  ft  is  being  replaced  by  a  similar  type  of 
prefabricate!  structure-a  rigid-frame,  straight- 
walled  buiJing  measuring  20  by  48  ft. 
Although  you  probably  will  not  have  the 
opportunity  of  conpfetely  erecting  a  Quonset 
hut,  tKre  !S  a  need  to  repair  and  maintain 
existirg  structures. 

£n*ctei«  cjp  metal  joists  and  siite,  or  on  a 
squa^w/fcvel  concrete  slab,  tie  basu  20  by  48-ft 
Quonset  hut  consists  of  as.nes  of  steel-arched 
nbs  spaced  ^fLoncenter  anl  connected  on  each 
side  at  the  tase  to  steel  channels  which  in  turn 
are  bolted  tc  the  slab  or  screwed  to  the  flooi 
asstmbly. 

Three  metal  purlins  at  the  top  provide 
longitudinal  support  and  proper  spacing.  Tht 
entire  exterior  is  covered  with  corrugateu-sheet 
metal,  as  shown  in  figure  !5-l.  Notice  that  the 
roof  is  covered  with  preformed  curved-roofing 


metal  sheets.  Since  these  sheets  are  oftei  hard  to 
replace,  care  should  be  taken  in  making  repairs 
to  any  section     the  hut. 

The  endwalls  of  this  building  consist  of  steel 
studs,  precut  corrugated-sheet-metal  siding,  one 
door,  two  windows,  and  a  louver.  Howeve:,  the 
endwalls  of  the  40  by  ICOft  Quonset  consist  of 
large  metal,  prehung  sliding  doors  allowing  for 
the  movement,  in  or  out,  of  material  and/or 
equipment.  In  tropical  areas,  one  of  t!^:>e  metal 
endwalls  may  have  been  removed  and  replaced 
with  a  concrete  block  wall  as  protection  against 
typhoons  or  hurricanes. 

Any  m^jor  repair  work  needed  for  the 
exterior  of  these  buildings  miy  consist  of 
leplacing  the  corrugated  metal,  caulking  around 
seams  and  openings,  and  applying  heat -reflective 
or  other  preservative-type  paint. 

The  interior  walls  are  covered  with  precut, 
fiber-wallboard  panels,  thus  covering  the 
insulating  material  which  has  been  placed 
between  each  4-ft  frame.  The  horizontal  joints 
are  held  in  metal  splines  and  the  vertical  joints 
are  covered  with  fiberboard  battens,  (See  fig- 
15-2.) 

Again,  much  of  the  interior  repair  work 
consists  of  removing  old  panels  and  insulating 
materia!  when  needed.  Interior  panels  may  be 
replaced  by  1/4-in.  plywood  or  I/8-in.-tempered 
masonite  or  other  suitable  material.  If  plywood 

used,  additional  wooden  nailers  must  be 
installed  prior  to  nailing  on  the  plywood. 

BUTLERHUT 

The  20-  by  48-ft  rigid-frame  straight-walled 
building,  mentioned  earlier,  is  called  the 
"Butterbur.  Like  die  Quonset  hut,  this  building 
is  prefabricated  and  shipped  in  compact  crates, 
ready  for  erection.  Each  component  comes 
equipped  with  basic  toots  and  a  manual  for 
erection  purposes.  It  is  extremely  important  that 
the  manual  be  consulted  from  time  to  time, 
'/trause  you  can  very  easily  install  a  part  wrong. 

The   20-  hy  riyd-frame  building  is 

de*"*ned  W  be  erected  with  baszt  Lanutools  and 
a  n  _amum  number  cf  personnel.  The  erection 
manual  suggests  that  the  Butlerhut  can  be 
erected  b>  seven  persons.  However  for  military 
LoriStruLtiou  two  team/work  crews  are 
recommended  with  an  b-6  :>upervtsor.  The 
Butlerhut  is  designed  to  be  erected  on  a  floor 
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Figure  15-1,— Layotrt  of  c^rrtiget^d  ^heel*. 


system  with  piers,  concrete  blocks,  or  a  concrete 
slab.  \ 

Whenever  one  rigid-frame  building  h^s-Jjeen 
completed,  it  can  easily  be  expanded  to  proviii^ 
additional  space.  If  desired,  buildings  can  be^ 
erected  end  to  end,  as  in  figure  15-3  or  side  by 
side  "in  mujtiple."  As  this  type  building  utilizes 
only  bolted  connections,  it  can  be  disassembled 
easily,  moved  to  a  new  location,  and  erected 
again  without  waste  or  damage. 

Preelection  Work 

A  lot  of  preliminary  work  is  necessary 
before  the  actual  erection  of  the  Butlerhut  can 
begin'-  After  the  building  site  is  selected,  the 
foundation  is  outlined  by  Engineering  Aids  and 
leveled  by  Equipment  Operators.  Batter  boards 


are  set  up  at  each  comer,  where  the  foundation 
is  to  be  located.  Forms  Tor  the  concrete  piers 
must  be  set  and  then  the  concrete  placed. 

Before  concrete  for  the  foundation  piers  can 
be  poured,  templates  for  the  anchor  holts  are 
^fa^ed  on  the  forms,  and^anchor  bolts  are 
inserfechifv^h^holesrTfie  threads  of  the  bolts 
are  greased,  and  nuts  are  placed  on  them  to 
protect  the  threads  from  the  concrete.  After  a 
last  minute  check  !">  insure  that  all  forms  are 
lev^l  and  the  anchor  bolts  are  properly  alined, 
concrete  is  placed  in  the  forme  and  carefully 
woiked  around  the  bolts  so  that  they  remain 
vertical  and  true. 

While  the  foundation  is  being  prepared*  your 
job  supervisor  will  probably  assign  work  crews 
to  perform  various  kinds  of  preliminary  work; 
iuch  as  uncrating  materia]  and  checking  it  off  on 
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Fipure  15-2,-CutawaY  v'ew. 
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the  shipping  list,  bolting  up  rigid-frame 
assemblies,  assembling  door  leaves,  and  glazing 
windows*  Whu*  all  preliminary  work  is  properly 
done,  assembly  and  erection  of  the  entire 
building  is  likely  to  be  completed  as  quickly  as 
possible. 

All  material  except  paneling  should  bo 
antrated  and  laid  out  in  an  orderiy^manner  so 
that  parts  can  be  easily  found,  but  oo  not 


uncrate  panels  until  you  ^rc  ready  to  install 
them.  When  opening  the  crates,  io  not  damage 
ths  lumber  since  it  can  be  used  for  scaffolding, 
props,  and  sawhorses. 

After  the  building  foundation  has  been 
prepared,  where  practicable,  building  materials 
should  be  placed  in  and  around  the  building  site 
_\ear  the  place  where  they  will  be  useo,  similar  to 
the    layouts    shewn   in   figure    1 5-4.  This 
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arrangement  offers  the  greatest  convenience  and 
accessibility  during  assembly. 

Girts,  purlins,  eave  struts,  and  brace  rods 
should  be  equally  divided  along  each  ide  of  the 
foundation,  Panels  and  miscellaneous  parts, 
which  will  not  be  used  immediately,  should  be 
placed  on  each  side  of  the  foundation  on  boards 
and  covered  with  tarpaulins  or  similar  covering 
until  needed*  Parts  making  up  the  rigid  frame 


assemblies  are  laid  out  ready  for  assembly  and  in 
position  for  raising. 

Care  should  always  be  exerused  in  unloading 
materials.  Remember  that  damaged  parts  can 
cause  delay  in  getting  the  job  done  in  the 
shortest  possible  time.  To  avoid  damage,  lower 
the  materials  to  the  ground -do  not  drop  them, 

Figure  15-5  will  help  you  identify  the 
various  structural  members  of  the  Butlerhut  and 


fdemification  of  structure  member*  and  the  lirtar  panels. 
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their  location-  Each  part  serves  a  speeilk 
purpose  and  must  be  installed  in  the  location 
called  for  to  insure  a  sound  structure.  NEVER 
OMIT  ANY  PART  CALLED  FOR  ON  THE 
DETAILED  ERECTION  DRAWINGS.  Each  of 
the  members!  parts,  and  accessories  of  the 
building  is  labeled  by  stenciL  so  that  it  is  not 
necessary  to  guess  which  part  goeswhem,  Refer 
to  the  erection  plans  and  find  the  particular 
members  you  need  as  you  work 

High-strength  steel  bolts  are  used  at 
rigid-frame  connections -roof-beam  splice  and 
roof  beam  to  column.  Note,  that  thest  high 
strength  bolts  are  identified  by  a  "Y"  embossing 
on  the  head,  as  shown  in  i.gure  15-6.  It  is 
important  that  jII  high-strength  steel  bolts  and 
nuts  be  tightened  to  give  at  least  the  required 
minimum  bolt  tension  values,  The  bolts  may  be 
tightened  with  a  torque  wrench,  an  impact 
wrench,  or  an  open-end  wrench,  as  shown  in 
fV^e  1 5-6. 

Floor  Erection  Procedures 

The  floor  system  material,  as  it  is  unerateiL 
should  be  placed  around  the  butlding  site  near 
the  location  where  it  will  be  used.  Open  all 
crates  carefully  ani  save  the  lumber  for  other 
use, 

The  side  and  center  stn ngers  should  he 
positioned  on   the  PitR   anchor  holti,  and 
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Figure  15-6.-Hiflh  itrength  steet  bolt. 


secured  in  place  with  a  l/2-in,  nut  and  flat 
washer  The  top  flange  of  the  side  stringers  must 
face  to  the  outside  of  the  building. 

Start  installing  FLOOR  JOISTS  at  one  end 
of  the  building,  as  shown  in  figure  l5-~\  and 
assemble  the  appropriate  joist  clips  to  both  ends 
of  the  floorjoists,  The  floor  joists  are  placed  >ft 
oocenter;  the  top  flange  of  the  starting  joist, 
with  the  5/l6-in+  diameter  holes,  is  placed  2-ft 
oncenter  and  must  face  toward  the  outside  of 
the  byilding.  The  intermediate  joists  are  set  with 
the  top  flange  in  the  same  direction  as  the 
starting  joiW  maintaining  2  ft  center  to  center 
of  joists+/The  last  joist  is  turned  so  (hat  the 
5/  l6-in+  *  holes  will  face  the  outside  of  the 
building.  Braces  are  installed,  and  Mie  floor  is 
checked  for  squareness  and  propvi  alinement. 
When  the  squareness  and  alinement  lias  been 
proven  correct,  you  should  tighten  all 
connections, 

The  plywood  DECK  comes  hi  4-hy-8  ft 
sheets  of  l/2-in*  plywood  with  steel  splines  for 
all  longitudinal  joints  of  the  plywood.  Lav  out 
the  plywood  carefully,  and  make  sure  that 

1-  The  joists  are  properly  positioned  ;it  the 
joints* 

2.  The  er  d  joints  arc  tight 

3.  The  sides  are  firmly  nested  into  the  steel 
splines, 

4.  The  flooring  is  started  at  the  center  joM 
by  placing  a  4-by-8  ft  sheet  in  such  a  position 
that  the  8-ft  side  extends  3  1/4  in,  FROM  THH 
WLB  of  the  side  stringer,  If  done  properly,  the 
4-ft  side  should  line  up  with  the  centerline  of 
the  holes  in  the  center  joist 

NOTE.  It  is  necessary  to  cut  out  the  ply- 
wood for  the  column  bearing  plates  at  e;uh 
frame  column. 

Basic  Structural  Frection 

After  the  floor  system  or  concrete  slab  has 
been  prepared,  the  next  step  is  to  uncrate  and 
lay  out  the  structural  parts,  as  shown  in  view  B, 
figure  J  5-4,  The  structural  parts  shouM  be  laid 
out  as  follow  s; 

Parts  making  up  the  frame  assembly  should 
be  laid  out  ready  for  assembly  and  in  j  position 
for  raising, 
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support  angle 

i  019760) 


COL^dirJ  BEARING  CUP  (Ol975f) 


COLUMN  BEARING  CLIP  (019756) 
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Figure  15-7,— Layout  of  the  floor  system  for  the  20<by-48-h  Butltrhut, 


Girt*,  purlins,  and  base  angl  >  should  be 
divided  <equaH> )  along  each  side  of  the 
foundation 

fcndwall  parts  should  be  divided  (equally* 
between  the  two  ends. 

All  miscellaneous  parts  should  be  centrally 
located. 

Panels  and  other  parts  which  are  not  used 
irtimed lately  should  be  placed  on  boards  and 
covered  with  a  tarpaulin. 

Lay  out  the  column  and  roof  beams  for 
assembl>  using  the  crate  lumber  to  block  up  the 
frames.  Erect  the  center  frame  first.  Use  just 
enough  high-strength  bolts  to  bring  the  frame 
members  together.  Install  the  remaining  bolts  to 
acquire  the  proper  tightness. 

Galvanized  machine  bolts  (3/8  in.  by  I  in.) 
should  be  used  to  assemble  the  girt  and  purhn 


clips  to  the  frame.  Bear  in  mind  that  the  end 
frames  have  girt  and  purlin  clips  on  one  side 
ONLY;  while  the  center  frame  has  girt  and 
purlin  clips  on  each  side  of  the  frame, 

T^e  eave  girts  are  to  be  attached  to  the  eave 
angles  with  5/l6-in,  left-hand  nuts  and  shoulder 
bolts  as  shou'n  in  figure  15-8,  You  will  need  two 
eave  angles  for  each  eave  girt.  In  fastening  these 
together  remember  that  the  short  section  of  the 
eave  angle  is  always  fastened  to  the  left  hand  of 
the  eave  girt,  whereas  the  long  section  of  the 
eave  angle  is  fastened  to  the  right  hand  of  the 
eave  girt. 

Use  3/8- by  l-mch  galvanized  ^adiine  bolts 
to  attach  the  gable  angles  and  door  jambs  top 
clips  to  the  bottom  flange  of  the  end  frame  roof 
beams. 

To  erect  the  framd  place  the  "A"  frames  in 
position-one  8-ft  frame  at  each  side  of  the 
building,  and  a  10ft  frame  in  the  center  of  the 
building.  Prop  the  frame  on  two  ^awhorses,  and 
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Figure  15-8p-Attachin§  eave  angJa  to  girt. 
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Figure  15*9.-Fr&me  erection  with  "A"  frame  props* 

15* 


attach  tag  lines  to  assist  in  raising  the  ridge, 
Raise  the  frame  and  brace  it  up  with  the  "A" 
frames,  as  shown  in  figure  1 5-9.  The  end  frames 
are  erected  in  a  similar  inanne-,  except  they  are 
held  in  position  by  installing  purlins  and  girts. 

After  all  sidewall  girts,  eave  girts,  and  base 
angles  have  been  installed,  install  the  brace  rods 
as  shown  in  figure  15-10.  The  brace  rods  are 
installed  in  the  following  manner: 

! .  Attach  brace  rod  clips  to  the  floor 

2.  Insert  the  end  of  the  brace  rod  down 
through  the  tiole  in  the  sidewall  girt.  Connect 
the  top  end  through  the  eave  girt  and  the  cave 
girt  clip, 

3,  Connect  the  bottom  end  through  the 
clip  on  the  floor 

As  soon  as  the  four  brace  rods  are  in 
position,  use  them  to  plumb  the  building.  To 
plumb  the  rigid  frame,  tighten  or  loosen  the  rod 
nut3  at  the  brace  rod  clips  to  adjust  the  column 
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Figure  15-10.— Installing  brace  rods. 
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to  plumb  condition*  Do  not  forget*  when  >ou 
tighten  one  Sjde*  the  other  side  must  be 
loosened. 

To  make  sure  you  are  installing  the  endwall 
members  correctly,  snap  a  clialkline  across  the 
building  using  one  edge  of  the  columns  for 
positioning  the  line.  Mark  the  center  of  the 
building  on  this  line.  Now,  drop  a  plumb  bob 
from  the  center  of  the  j6int  of  the  roof  beams  at 
the  ridge,  with  the  tine  over  the  same  side  of  the 
roof  beam  as  the  chalkline.  Adjust  the  frame  so 
the  plumb  bob  is  directly  over  the  center  mark, 
and  then  brace  the  roof  beam  in  this  position 
until  the  roof  panels  are  in  place.  * 

The  next  operation  is  to  uncrale  exterior 
PANELS  and  distribute  them  near  where  they 
wid  be  i»bed.  First,  separate  and  place  panels  for 
each  end  wall  Place  full  length  wall,  panel*  at 
each  corner.  Centrally  locate  lower-and-upper 
Mdevrdll  panels,  above  and  below  window  panels 
along  each  ^de  of  the  building.  Place  roof  and 
ridge  panels  in  stacks  of  eijit  each  on  the  floor. 
Remember,  make  all  joints  properly,  tighten  all 
fabteners,  use  metal-backed-neoprone  wabhen> 
with  all  rorf  fasteners  and  with  all  shoulder 
bolts  in  the  sidewalls:  and  apply  BLACK 
MASTIC  properly  to  all  roof  panel  sidclapsa; 
endlaps. 

Start  paneling  the  ENDWALL  at  one  corner 
and  work  across  to  the  other  corner  Install  the 
corner  panel,  locating  the  bottom  of  the  panel 
over  the  first  two  shoulder  bolts  in  the  base 
angle.  Use  a  level  to  plumb  this  panel  with  the 
other  shoulder  bolts  located  at  the  center  of  the 
corrugations.  Locate  the  "below  window  paneT 
over  the  base  angle  shoulder  bolts,  and  impale 
over  the  shoulder  bolts.  Remove  th*  panel  and 
reinstall  it,  so  it  underiaps  the  first  panel  by 
pulling  out  on  the  corrugated  edge  of  the  first 
panel. 

follow  the  same  general  instructions  for 
paneling  and  installing  windows  as  were  given 
for  the  endwall.  However,  be  sure  that  the  girts 
are  in  a  straight  line  before  impaling  panels  onto 
shoulder  bolts.  It  is  very  important  to  bloA  the 


girts  in  a  straight  line  with  crating  lumber  cut  to 
the  correct  length.  The  drawings  should  be 
checked  for  proper  location  of  shoulder  bolts. 
The  first  shoulder  bolt  Uiould  be  12  in.  from  the 
centerof  the  column,  then  I  2  in,  oncenter. 

RedieLk  the  center  frame  for  plumbness. 
Adjust  the  brace  rods  to  plumb  as  required. 
Check  the  drawing  for  locations  of  base  angles. 

The  upperwall  panels  must  lap  over  the 
lower  wall  panels  for  weather  tightness. 
Remember-metal  backed  neoprene  washers  and 
No.  10  hex  nuts  are  used  on  all  shoulder  bolts; 
machine  screws  ( 1/4  in,  by  3/4  in.)  are  used  for 
paneMo-panel-connections  at  side  laps. 

Since  the  ROOF  PANELS  are  factory 
punched  for  panel-to-purlin  connection,  it  is 
importjnt  that  the  purlins  be  accurately  alined. 
Spacer  boards  constructed  from  crating  lumber 
can  be  used,  as  in  figure  15*1 1,  to  aline  purlins. 
Move  tlie  spacer  boards  ahead  to  the  next  bay  as 
the  paneling  progresses.  Before  you  actually 
btart  paneling  the  roof,  place  the  bracer  board 
over  the  shoulder  boltb,  and  insert  nails  in  the 
5/16-in.  iioies  in  the  ridge  purlins. 

The  roof  paneling  operation  should  start  ^t 
one  end  of  the  building.  Place  the  panels  so  the 
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Figure  15-11. -Alining  purlins  with  spacer  board. 
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adjustments  on  the  door  frame  can  be  made 
easier. 

Hinges  are  factory  welded  to  ihe  door  jamb 
and  the  entrance  door  is  supposed  to  swing  to 
the  INSIDE  of  the  building.  Remove  the  hinge 
kaf  from  the  door  jamb  and  attach  it  to  the 
door  with  I  inch,  No,  10  flat-head  wood  screws. 
Hang  the  door  and  make  adjustments  to  get  the 
proper  clearances  at  the  top  and  sides  of  the 
door.  Install  the  lockset  in  the  door  and  attach 
the  face  plate  to  the  door  with  3/4  inch.  No.  8 
flat  biad  wood  screws.  Attach  the  strike  plate  to 
the  door  jamb  with  3/2  inch*  No,  8  flat-head 
machine  screws. 


Hinges  are  also  factory  welded  to  the  screen 
doors  and  the  screen  doors  swing  to  the 
OUTSIDE  of  the  building.  The  method  used  in 
hanging  the  screen  door  is  similar  to  hanging  the 
entrance  door.  However,  a  spring  is  needed  to 
hold  the  screen  door  closed. 
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Figure  15  12  installing  ridge  and  eave  panel. 


LINER  PANELS. -The  basic  operations  in 
the  installation  of  liner  panels  consist  of 
installing  furring  strips,  hard  boa  rd  liner  panels, 
aiul  trim  and  batten*.  View  B,  figure  15-5  shows 
!he  vanous  liner  paiel  parts. 


noles  in  the  corrugation  line  up  with  Ihe 
shoulder  bolts  in  the  roof  beam,  eave  angles  and 
ridge  purlins*  install  one  eave  pane!  to  each  side 
of  Ihe  building.  The  cave  panels  should  he 
installed  one  row  ahead  of  the  ridge  panels  (See 
fig.  5-I2J  Before  proceeding  wiih  the  work, 
make  sure  you  are  applying  enough  black 
mastic.  Roof  paneling  should  continue  in  this 
Order  to  insure  a  weatherliglu  joint  at  the  Comer 
laps.  However*  you  should  check  the  drawings 
for  the  location  and  installation  of  the  smoke 
stacks  and  ridge  ventilation. 


LNDWALLS.  The  hner  panels  are  precul 
according  to  the  cutting  diagrams.  The 
harJboa  *  must  be  installed  with  the  smooth 
surface  exposed  and  with  an  1/8-in-  gap  between 
panels,  as  shown  in  figure  15-13-  A  scrap  piece 
of  hardboard  or  batten  can  be  used  as  a  shim  to 
maintain  the  proper  gap. 


Nail  the  base  furring  to  the  (loon  3  in.  from 
each  end  and  2  fi  J  m,  O.C  with  the  inside  edge 


DOORS. -The  door  jambs  to  the  Bullerhut 
can  be  hung  anytime  after  the  endwall 
structural*  are  completed.  But,  they  MUST  be 
hung  prior  to  installing  the  interior  lining.  A 
helpful  hint  is  to  hang  the  doors  before  installing 
the    extenor    endwall    paneling,    this  %XJ&y 
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Figure  15-13. -Installation  of  tiani  board. 
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Figure  16-14-— Installing  furring  for  ths  end  wall  liners. 


7  3/3  in,  from  the  building  structural  line.  This 
is  shown  in  figure  I  5*  1 4*  When  the  base  furring 
js  to  be  used  on  a  wood  floor,  use  8d  box  nails, 
and  use  I  1/4  inch,  No,  9  concrete  iiails  with  a 
concrete  floor.  Drill  the  2  by  2*sand  girts  with  a 
5/32  in*  drill  so  that  fumng  can  be  attached  to 
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Figure  16*16.— Nailing  pattern  for  attaching  hard  board 
to  furring. 


the  sidewall  and  cave  girt  with  2-in.  pan-head, 
No.  10,  sheet-metal  screws.  Attach  the 
hardboard  to  the  furring  strips  with  1  l/4-in, 
aluminum-shingle  nails,  on  4-in.  centers  at  the 
sides  and  ends;  on  8-in.  centers  at  the 
intermediate  furring.  (Sec  figure  15*15.) 

The  vertical  furring  should  be  installed 
immediately  after  the  base,  corner,  and  gabtc 
furrings  are  in  place  {sec  figure  15-16).  The 
ccntcrlinc  of  the  furring  on  each  side  of  the 
window  should  be  in  line'  with  the  ccntcrlinc  of 
the  cndwall-pancl  corrugations.  After  the 
cndwalt  hardboard  has  been  installed*  then  come 
the  door  side  and  top  flashing.  Attach  flasliing 
(fig.  15-17)  to  the  furring  with  4d  aluminum 
nails  and  to  the  door  frame  with  1/2  inch, 
No.  lOshcctmctal  screws. 

SIDEWALLS. -After  you  have  installed  the 
endwall  liner,  furring  should  come  next  for  the 
sidewall  and  ceiling.  The  base  furring  should  be 
cut  in  such  a  way  that  the  end  will  just  clear  the 
inside  flange  of  the  center-frame  column.  The 
furring  is  nailed  in  the  same  manner  as  the 
endwalls. 

Now  that  you  have  the  furring  in  place,  the 
hardboard  liner  can  be  installed.  Install  top  and 
bottom  hardboard  flashings,  as  shown  in  figure 
1 5-18.  Insert  outside  edge  into  retaining  grooves 
in  the  window.  Nail  metal  flashing  angle  and 
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Figure  15*1 6. -Placement  of  furring  for  liner*. 
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Figure  15-17,-Sldo  and  top  fishing  for  doori. 


133.38SX 

Figure  15*18.-Top  and  bottom  hard  board  flashing. 
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Figure  15-19.~Metal  ventilator  flashing. 


hardboard  to  the  horizontal  furring  with  4d 
aluminum  nails  1ft  8  in.  O.C.  Install  side 
hardboard  flashings  and  metal  flashing  angles 
using  the  same  procedures  discussed  above. 

CEILING -The  ceiling  furring  is  to  be 
installed  in  the  vicinity  of  the  sidewall  furring. 
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Rgur*  15-20.— Imarior  trim. 


Whenever  all  the  ceiling  furring  has  been 
installed,  the  hardboard  liner  can  be  installed. 
REMEMBER  THE  I/8-IN.  GAP  BETWEEN 
PANELS. 

The  smoke  stack  assembly  is  to  be  attached 
to  the  blocking  and  furring  with  4d  aluminum 
natls. 

Hand  trim  the  hardboard  flashings  for  the 
ends  of  the  ventilator  opening  and  attach  metal 
ventilator  flashings,  as  shown  in  figure  15-19. 

Install  eave  molding  with  the  beveled  edge 
against  the  ceiling  panels  and  attach  each 
sidewall  furring  strip  with  4d  aluminum  nails. 
Use  quarter-round  molding  to  trim  ceiling  to  the 
endwall,  endwall  to  sidewall,  and  walls  to  floor, 
and  use  metal  ridge  flashings,  as  shown  in  figure 
15-20  to  trim  ridge  of  ceiling  liner.  It  can  be 
attached  to  the  ceiling  furrings  with  4d 
aluminum  nails.  Check  the  drawings  to  make 
sure  you  are  installing  it  right.  Now,  cut  battens 
to  the  required  length  and  attach  them  to  the 
furring  with  4d  aluminum  nails,  8-tn.  O.C.  (See 
fig.  15*21.) 

GENERAL  NOTES:  Bolts,  nuts,  and  mis- 
cellaneous fasteners  have  been  furnished  in 
quantities  greater  than  actual  requirements. 
However,  be  careful  in  using  thea?  fasteners  to 
prevent  scattering  them  on  the  ground.  Each 
evening  empty  your  pockets  of  fasteners  and 
small  parts  before  leaving  the  erection  site. 


8ATTEN  strip 


133.388X 

Figure  15-21,— Batten  strip. 
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Figure  15-22.-Crate  platform. 


An  excessive  amount  of  BLACK  MASTIC  is 
also  furnished  with  each  Butlerhut,  Here  too, 
reasonable  care  in  applying  mastic  to  roof  panels 
and  roof  accessories  will  insure  an  adequate 
supply. 

Crating  lumber  can  also  be  used  *o  construct 
an  entrance  platform  and  stairs  at  each  end  of 
the  Butlerhut,  as  shown  in  figure  15-22 


WOOD-FRAME  TENTS 

Figure  15-23  shows  working  drawings  for 
framing  and  flooring  of  a  16-  by  32-ft 
wood-frame  tent  Tents  of  this  type  are  used  for 
temporary  housing,  storage,  5liowert  washrooms* 
latrines,  and  utility  spaces  at  an  advanced  base. 
Tent  floors  consist  of  floor  joists  which  are  16-ft 
lengths  of  2  by  4,  and  sheathing  which  is 
4r  by  S-ft  sheets  of  1/2-in,  plywood.  They  ate 
normally  prefabricated  before  deployment  t0 
the  Job  site.  The  supports  for  the  flooring  are 
doubled  2  by  4  posts  anchored  on  2  by  IZby  12 
footings,  The  wall-framing  members  are  2  by  4 
studs  whu^/are  spaced  4  ft  oncenter.  The 
roof-framing  members  are  2  by  4  rafters,  spaced 
4ft  oncenter.  The  plates  (2  by  4*$),  and  the 


bracing  members  (1  by  6*s)  are  fabricated  in  the 
field. 

Figure  15-24  shows  a  floor  framing  plan  for 
a  field  type  shower  and  washroom. 

When  the  16- by  32-ft  wood-frame  tent  is 
modified  with  a  metal  roof,  extended  rafters, 
and  screened-in  areas,  as  shown  in  figure  15*25, 
it  is  called  a  Southeast  Asia  (SEA)  hut.  This  SEA 
hut  was  originally  developed  in  Vietnam  for  use 
in  tropical  areas  by  U.S.  troops  for  berthing; 
however,  it  can  readily  be  adapted  for  other  use, 
such  as  a  galley  or  mess  hall.  It  is  also  known  as 
the  STRONGBACK  because  of  the  roof  and 
sidvwall  materials.  The  SEA  hut  is  usually  a 
standard  prefabricated  unit  but  the  design  can 
be  easily  changed  to  fit  the  existing 
requirements,  such  as  lengthening  the  floor  or 
making  the  roof  higher. 

The  SEA  hut  should  be  built  on  a  concrete 
slab,  when  possible,  because  ;t  has  been  proven 
that  a  16- by  32-ft  concrete  slab  4  in.  thick  is 
cheaper  to  construct  *han  a  floor  constructed  of 
wood  having  the  same  width  and  length. 

As  stated  before,  basically  all  field  structures 
are  derived  from  the  15- by  32-ft  wood-frame 
tel. I;  however,  if  more  tent  space  is  needed,  a 
40-  by  80-ft  tent  is  available.  This  tent  is  easy  to 
assemble  because  it  is  put  together  without  a 
floor.  It  can  be  Erected  without  a  strongback 
frame  since  it  comej  complete  with  ridge  pieces, 
poles,  stakes,  and  line,  and  therefore  does  not 
require  framing.  But  no  matter  how  easy 
erection  may  seem,  always  read  and  follow  the 
instructions. 


FIELD-TYPE  LATRINES 


Upon  arrival  at  an  advanced  base,  temporary 
facilities  must  be  provided  immediately  for  the 
disposal  of  human  waste  A  number  of  field-type 
latrines  are  designed  for  thjs  purpose.  A 
16- by  32-ft-wood-framc  tent  may  be  used  to 
shelter  the  field-type  latrine. 
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Figure  15-23>-Fr&ming  and  flooring  ptwi*  for  1$-by*32-fi-wood*frame  tent. 
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A  prefabricated  4-seat  latrine  box  is 
illustrated  in  figure  15-26*  This  box  can  be 
collapsed  for  shipment,  as  shown  in  figure 
15-27, 

A  plan  view  of  an  8-seat  field-type  latrine  is 
shown  in  figure  15-28.  Two  4*seat  boxes  are 


placed  so  as  to  straddle  a  3-  by  7-ft  pit.  After  the 
pit  is  dug,  and  before  the  boxes  are  placed*  a 
4*ft-wide  margin  around  the  pit  is  excavated  to  a 
depth  of  6  inM  as  shown  in  figure  15-29.  A  layer 
of  otl-soaked  burlap  is  laid  in  this  excavation, 
after  which  the  excavated  earth  is  soaked  with 


Figure  i5-26*~Pref*britatdd  4*#st  latrine  box, 
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Figure  15-27.— LstrifB  box  collapsed  for  shipment. 


oil,  replaced,  and  tamped  down,  to  keep  surface 
water  out. 

Two  6  in,  trough-type  urinals  are 

furnished  with  the  S-seat  latrine.  Each  is 
mounted  in  a  frame  constructed  as  shown  in 
figure  15-30,  A  2-in,-urinaI  drain  pipe  leads  from 
tlie  down  pipe  on  each  urinal  to  a  6-by  6-ft 
URINAL  SEEPAGE  PIT,  located  as  shown  in 
figure  15-30.  The  seepage  pit  is  constructed  as 
shown  in  figure  15-3  L 

As  indicated  in  figure  15-28,  the  8-seat 
field-type  latrine  can  be  expanded  to  a  16-seat 
field-type  latrine. 


Figure  15-28.-P1an  view  of  8*«eat  field'type  latrine. 
15-19 
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Figure  15-29.~Mergin  of  oil-toaked  earth  around  latrine  boxes. 


A  complete  plan  view  of  a  4-holc 
burnout  field-type  latrine  is  shown  in  figure 
15-32,  This  type  of  latrine  is  used  at  most 
advanced  or  temporary  bases.  The  burnout 
latrine    is    kept   in    an    orderly  condition 


(daily)  by  the  camp  maintenance  personnel 
or  the  assigned  sanitation  crew*  It  can  be 
maintained  easily  by  spreading  lime  over  the 
waste  materia]  or  using  dicsel  fuel  to  burn 
the  waste  materia]. 
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Figure  16-30.-Frame  for  urinal  trough. 
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Figure  15-31.—  Urinal  seepage  pit. 
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CHAPTER  16 


HEAVY  CONSTRUCTION 


As  a  Builder,  you  may  be  called  upon  to 
perform  various  construction  operations 
involving  heavy  structures.  Heavy  structures  are 
m a  de  of  steel,  timber,  concrete,  or  a 
combination  of  these  materials.  Trestles,  timber 
piers*  and  waterfront  structures  are  examples  of 
-heavy  structures.  Heavy  construction  requires 
the  use  of  certain  tools  and  equipment  that  are 
not  commonly  used  in  ordinary  rough  and  finish 
carpentry.  Among  the  most  widely  used  tools 
are  crosscut  saws,  axes*  and  chain  saws.  This 
chapter  describes  the  tools,  equipment,  and 
materials  used  in  building  heavy  structures  as 
well  as  methods  and  techniques  of  heavy 
construction,  including  shoring  and  excavation. 
In  addition,  this  chapter  contains  the  procedures 
used  in  the  maintenance  of  heavy  construction. 
Since  heavy  construction  is  hazardous!  the  use 
of  safe  working  practices  at  all  times  can  help 
prevent  injuries  to  personnel  and  damage  to 
equipment. 


HANDTOOLS  , 

Various  c ut ting,  chopping*  striking,  and 
material-handling  tools  are  used  in  building  or 
erecting  heavy  structures. 

CUTTING  TOOLS 

Large  crosscut  saws  are  used  for  heavy  work) 
such-  as  felling  trees,  cutting  large  trees  into  logs, 
and  sawing  heavy  timbers.  Every  crosscut  saw 
(fig,  16-1)  has  a  high-grade  steel  Made  with  two 
types  of  teeth,  known  as  cutters  and  rakers.  The 
cutters  are  the  crosscut  or  ripping  teeth;  they 
score  parallel  grooves  in  the  bottom  of  the  kerf. 
The  rakers  chisel  out  waste  that  remains 


A  chow  cur  uw  f* 
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Rgure  16-1. -One-man  and  two-men  crottcux  tawt. 


^bptween  the  grooves.  There  are  usually  two  or 
four  cutters  in  a  section  of  the  blade,  with  one 
raker  separating  each  of  the  cutter  sections  (fig. 
I6-2).  The  points  of  the  cutters  should  extend 
slightly  beyond  those  of  the  rakers.  The  rakers 
are  conditioned  like  the  teeth  of  a  rip  handsaw 
except  that  the  rakers  are  not  set. 

The  one-man  crosscut  saw  (fig.  16-1}  is 
about  36  inches  long  and  has  a  handle  at  one 
end  similar  to  that  of  the  handsaw.  It  can  also  be 
operated  by  two  men.  The  movable  handle 
shown  in  figure  16-1  can  be  attached  to  the  back 
of  the  blade.  When  loosened,  this  handle  can  be 
slid  from  the  heel  of  the  blade  to  the  toe. 

When  using  a  crosscut  saw,  you  should 
insure  that  loose  logs  or  timbers  are  placed  or 
blocked  to  prevent  them  from  moving.  When  the 
saw  is  held  teeth  down  to  make  a  vertical  cut 
into  a  log  or  timber,  the  saw's  weight  is  enough 
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Figure  16-2.— Enlarged  view  of  the  large  crosscut  taw 
teeth. 


to  make  downward  pressure  unnecessary.  Only 
in  horizontal  cutting  is  light  pressure  needed  on 
the  jaw.  Oil  or  paraffin  on  the  saw  blade  helps 
to  make  sawing  easy. 

The  two  man  crosscut  saw  (fig.  I6-I)  is  5  to 
6  i/2  feet  long.  A  handle  is  attached  at  each  end 
of  the  blade,  fastened  by  a  metal  piece  that  fits 
over  the  end.  You  tighten  the  handles  by  turning 
the  woodeft  portion  of  each  handle  clockwise. 

This  crosscut  saw  must  be  operated  by  two 
persons.  It  is  moved  across  a  log  or  timber  by  a 
pulling  action  only;  one  person  pulls  the  saw, 
while  another  guides  the  blade.  The  procedure  js 
then  reversed  and  alternated  until  sawing  js 
completed 


CHOPPING  TOOLS 


Figure  16-3  shows  an  ADZ,  various  types  of 
AXES,  and  a  HALF-HA7CHET  (commonly 
called  a  HATCHET),  (n  heavy  timber 
construction,  the  adz  js  used  chiefly  for  hewing 

16-2 
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AX,  DOUBLE  BIT 

29,83 

Figure  1 6-3,— Chopping  tools. 


Chapter  1 6 -HEAVY  CONSTRUCTION 


plane  surfaces*  as  shown  in  figure  16-4,  Jt  has  a 
straight  blade  with  a  single  bevel  on  the 
underside.  The  blade  of  rhe  CARPENTER'S  ad* 
is  4  inches  wide  and  the  blade  of  the 
RAILROAD  adz  is  5  inches  wide.  In  using  the 
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Figure  1fr4.-Uiin$  the  adz  and  th*  ax, 
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adzt  take  short,  choppy  strokes  rather  than  long 
ones.  Be  careful  to  keep  the  work  clear  of  chips 
that  might  deflect  the  blade.  Since  the  adz  cuts 
toward  the  user,  it  is  a  very  dangerous  tool.  To 
avoid  injury,  wear  shin  guards. 

The  ax  is  also  used  in  heavy  timber 
construction,  chiefly  for  notching  and  for 
general  hewing  and  shaping,  as  shown  in  figure 
16-4.  Of  the  axes  shown  in  figure  16-3*  the 
SINGLE-BIT  ax  is  most  frequently  used.  Its 
head  weighs  about  four  pounds  and  has  a  curved 
edge  that  is  beveled  on  both  sides. 

Before  using  the  ax*  clear  the  work  area  of 
material  that  might  deflect  the  ax  blade.  Your 
body  weight  should  be  distributed  evenly  on 
both  legs,  with  the  knees  set,  but  not  tense.  Your 
feet  should  be  spread  apart  at  a  comfortable 
distance  to  retain  balance.  Also,  your  body 
should  be  relaxed  and  free  to  swing  and  bend  at 
the  waist 

The  half-hatchet  is  used  to  make  cuts  that 
do  not  require  a  smooth  finish  nor  be  exact,  it 
has  a  claw  or  a  notch  in  its  blade  for  pulling 
eight-penny  nails  or  smaller. 

Handles  on  chopping  tools  must  be 
inspected  constantly  to  insure  that  they  are  tight 
and  not  split  or  broken.  You  should  reseat  a 
loose  handle  in  the  EYE  (hole  through  the  head) 
of  the  too]  by  striking  the  end  of  the  handle 
with  a  mallet  and  then  driving  a  wood  or  metal 
wedge  into  the  handle.  If  one  wedge  does  not 
spread  the  handle  enough  to  tighten  it  firmly  in 
the  eye,  add  another  wedge.  If  this  is  not 
possible,  remove  the  wedge  and  insert  a  larger 
one. 

Sharp-edged  chopping  tools  must  be  stowed 
in  a  manner  which  will  best  protect  their  edges. 
For  short-term  storage*  the  heads  should  be 
cleaned  and  coated  with  light  oil.  For  long-term 
storage,  the  heads  should  be  cleaned  and  coated 
with  a  rust  preventive. 

STRIKING  TOOLS 

The  DOUBLE- FACE  SLEDGL  (fig,  16-5)  is 
the  percussion  tool  most  frequently  used  in 
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Figurt  16-5,-Doublfrftc«  tladflfr. 


heavy  timber  construction  The  size  of  a  sledge 
is  designated  by  the  weight  of  the  head  in 
pounds,  such  as  6,  8,  12,  14,  or  16  pounds.  The 
sledge  is  also  designated  as  either  SHORT- 
HANDLED  or  LONG-HANDLED.  A  short- 
handled,  lightweight  sledge  is  used  for  driving 
spikes  and  drift  bolts;  a  J.ong*handled,  heavy 
sledge  is  used  for  drifting  (pounding  into  place) 
lieavy  timbers. 

When  used  for  drifting  timbers,  a  sledge  is 
likely  to  mark  the  wood.  The  reinforced-hcad, 
double-face  wood  MAUL  shown  in  figure  16-6, 
can  be  used  for  drifting  to  avoid  marking.  Wood 
mauls  come  with  heads*  weighing  between  15 
and  25  pounds.  The  usual  head  size  is  8  inches  in 
diameter  by  10  inches  long.  The  lengths  of  the 
handles  range  between  30  and  36  inches.  Mauls 
ate  also  used  for  driving  wooden  stakes  and 
posts,  but  NEVER  for  driving  metal  stakes 
which  would  damage  them. 

Do 'not  use  a  sledge  with  rounded  faces,  it 
may  glance  off  the  object  being  driven  and 
injure  you  or  somebody  else.  If  the  faces  of  a 
sledge  become  rounded  or  damaged,  they  must 
be  reground  squarely.  In  doing  so,  take  an  equal 
amount  off  each  face  to  preserve  the  balance  of 
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Figure  ItH^Reinforcad-htaci  double-face  wood  rosul 
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the  sledge.  Dip  the  head  of  the  sledge  in  water 
frequently  during  grinding  to  prevent 
overheating. 

The  procedure  for  reseating  loose  handles  on 
sledges  or  on  chopping  tools  is  the  same.  Storage 
procedures  are  likewise  the  same,  but  with  the 
additional  caution  that  wood  mauls  should  not 
be  stowed  in  hot  sunlight  or  near  hot  >ater 
pipes  or  other  sources  of  heat.  Excessive  heat 
may  dry  out  the  head  of  a  wood  maul  enough  to 
cause  splitting. 

The  railroad  track  maul,  or  so-called  spike 
maul,  consists  Qf  a  long,  slender  hammerlike 
metal  head  and  a  long  wood  handle.  The  head 
weighs  about  10  pounds  and  has  a  flat 
rectangular  face  at  each  end,  with  an  eye 
between  the  faces  for  securing  the  handle.  One 
face  is  smaller  than  the  other.  See  figure  16-7, 

TIMBER-HANDLING  TOOLS 
AND  EQUIPMENT 

Tools  for  handling  heavy  timbers  by  hand 
are  shown  in  figure  16-8.  The  CANT  HOOK  and 
the  PEAVY  are  used  to  roll,  turn,  and 
sometimes  cany  large  timbers-especially 
cylindrical  timbers.  The  chief  difference 
between  the  two  is  that  the  cant  hook  has  a 
blunt  end  and  tue  P*avy  has  a  pike  point.  The 
TIMBER  CARRiER  is  a  pair  of  tongs  which 
grasps  a  timber  when  the  handles  are  lifted.  Two 
cant  hooks  or  two  peavys,  with  handles  located 
on  opposite  sides  of  the  timber,  can  do  the  same 
job  bat  should  not  be  used  when  a  carrier  is 
available.  The  GRAPPLE  HOOK,  when  hung  on 
the  hook  of  a  crane  or  tackle,  hoists  timbers  in 
the  same  manner  as  the  timber  carrier. 
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Figure  16*7.— Railroad  track  maul 
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Figure    1 64.  ~  Timber-handling    tool*    and  ttQuip-" 
mtnt. 

The  LUMBER  BUGGY  is  a  two-wheeled 
pushcart  for  carrying  timbers  over  short 
distances.  The  ,\OAD  BINDER  is  a  device  for 
binding  timbers  earned  on  the  buggy.  A  length 
of  chain  is  passed  around  the  load  and  hung  on 
the  hooks  of  the  binder.  When  the  lever  on  the 
binder  is  brought  down,  the  chain  tightens 
around  the  load. 


POWER  TOOLS 

A  pneumatic  tool  is  one  which  operates  on 
the  energy  of  compressed  air.  Saws,  nail  drivers* 
drills,  and  other  tools  can  be  driven  with  this 
energy.  Advantages  of  pneumatic  tools  over 
gasoline  or  electric-powered  tools  include  having 
fewer  parts  that  wear  out  or  require 
maintenance  and  being  moie  rugged  and  less 
affected  by  the  weather,  except  extreme  cold  or 
high  humidity. 

Pneumatic  tools  have  some  disadvantages. 
The  radius  of  operation  for  a  pneumatic  tool  is 
limited  by  the  length  and  size  of  the  airhose  to 
which  it  must  be  attached,  IF  the  tool  is  moved 
too  far  from  the  source  of  power  (200  feet 
maximum  with  3/4-inch-diameterhose),  friction 
line  loss  will  hinder  its  operation.  Also,  a 
pneumatic  tool  is  often  difficult  to  handle 
because  of  its  attachment  to  the  airhose.  This  is 
particularly  true  in  rough  terrain  where  the  hose 
has  a  tendency  to  get  hung  on  rocks  or  buslies. 

PNEUMATIC  CIRCULAR  SAW 

The  pneumatic  circular  saw  (figure  16-9)  will 
perform  the  same  functions  as  the  portable 
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Figure  1€M>,-Pnttumattc  circular  taw. 
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electric  circular  saw.  However,  it  is  most  often 
used  for  ripping  and  crosscutting.  The  handle 
assembly  includes  a  D -shaped  handle, 
trigger-type  throttle  with  a  thumb-operated 
plunger  lock,  spring-loaded  throttle  valve, 
1/2-inch  connection,  and  an  oil  reservoir  The 
top  handle  is  used  to  control  and  guide  the 
operation  of  the  saw  The  base  plate  is  hinged  to 
the  front  of  the  upper  blade  guard  through  a 
sector  (angle  segment).  After  a  wing  nut  on  this 
sector  is  loosened,  the  base  plate  can  be  tilted 
for  bevel  cuts  up  to  45°,  At  the  back  of  the  base 
plate,  a  second  sector  permits  adjustment  of  the 
depth  of  the  cut  from  2  3/8  to  4  3/8  inches. 
Two  V-notches  on  the  front  of  the  base  plate 
simplify  cutting  along  lines.  The  deep  cut  is  in 
line  with  the  blade  for  right  angle  cuts,  while  the 
shallow  notch  is  in  line  with  the  blade  for  45* 
bevel  cuts  A  fixed  blade  guard  protects  the 
operator  from  the  blade,  A  telescopic  blade 
guard  covers  the  lower  portion  of  the  blade 
when  the  saw  is  not  being  used.  This  guard  is 
spring  loaded  so  it  closes  automatically  when 
the  blade  is  lifted  from  the  cut,  but  folds 
into  the  fixed  blade  guard  when  the  saw  is 
operating. 


PNEUMATIC 
CHAIN  SAW 


The  pneumatic  chain  saw  {fig.  16-10)  is  a 
heavy-duty  saw  intended  primarily  for  tutting 
trees  or  timbers  The  capacity  of  a  chain  saw. 
such  as  24-inch,  36-inch,  or  48-inch,  is  a  measure 
of  the  largest  tree  diameter  or  timber  width  that 
the  saw  can  cut.  Chain  lengths  vary  according  to 
saw  capacity. 

The  head  assembly  consists  of  a  drive 
housing,  t wo  handles*  saw  guide  brae ke t, 
bumper,  and  air  connection  The  guard  bar  is  a 
heavy  steel  bar  extending  from  the  head 
assembly  to  the  idler  assembly  and  slightly 
arched  so  it  lies  about  3/4  inch  from  the  upper 
portion  of  the  chain.  Its  purpose  is  to  piotect 
ihe  operator  from  injury  if  the  saw  chain  breaks. 
Complete  instructions  for  the  saw,  including  the 
conditioning  of  the  blade,  are  contained  in  the 
manufacturer's  manual. 


PNEUMATIC  NAIL  DRIVER 

The  pneumatic  nail  driver  (fig,  16-11)  is  a 
long  stroke  piston-type  riveting  hammer  with 
nail-driving  attachments  for  holding  1 /2-inch 
and  3/4-inch-diameter  nailheads.  The  handle 
contains  the  air  inlet,  air  control  valve,  and  a 
thumb-operated  throttle  lever  that  controls  the 
admrsion  of  air  through  the  air  control  valve. 
An  air  strainer  screws  into  the  handle  air  inlet 
and  keeps  scale*,  rust,  particle*  of  rubber  hose, 
dirt,  and  the  like  from  the  working  parts  of  the 
tool.  The  barrel  houses  the  valve  mechanism,  the 
piston,  and  the  nail  set,  A  sleeve  on  the  end  of 
the  set  prevents  the  tool  from  sliding  off  the 
head  of  the  nail*  A  retainer  made  of  heavy  spring 
wire  screws  on  the  nozzle  end  of  the  barrel  and 
holds  the  *et  in  the  tool  at  all  times.  The  nail 
driver  is  deigned  for  driving  heavy  drift  pins  and 
spikes.  However,  spikes  should  be  started  by 
hand,  then  nailed  with  the  driver,  CAUTION, 
Retainer  housings  on  nail  drivere  often  break 
because  *he  operator  fails  to  keep  the  nail  set 
against  the  work. 

PNEUMATIC  WOOD  DRILL 

The  pneumatic,  reversible  wood  drill  (fig. 
16-12)  is  a  heavy  duty,  low-speed  machine 
designed  to  drive  ship  augers  (drill  bits).  It  Is 
used  extensively  to  bore  holes  for  bolts  or  pins 
in  trestle  bridges  and  other  timber  construction 
work.  The  drill  body  houses  a  four-vane 
rotary-type  pneumatic  motor,  a  gear  train  for 
reducing  the  motor  speed  to  a  chuck  speed  of 
about  800  rpm,  and  an  oil  reservoir,  A  chuck  is 
provided  for  1/2-inch-dia meter  drill-bit  shanks 
and  a  large  Allen-type  setscrew  holds  them  in 
place.  Three  handles  are  provided  on  this  drill:  a 
throttle  handle,  a  fixed  handle  mounted  directly 
opposite  the  chuck  and  a  grip  handle  extending 
opposite  the  throttle  handle.  The  air  line  is 
attached  to  the  end  of  the  throttle  handle.  The 
shaft  on  which  the  chuck  is  mounted  is  drilled 
so  the  shank  will  extend  into  the  base  of  the  grip 
handle,  where  a  wedge  can  be  inserted  against 
the  end  of  a  bit  to  loosen  it  when  jammed  in  the 
chuck. 

Ship  augers  are  available  in  1-  and  3-foot 
lengths  and,  in  7/16-,  3/4-,  1-,  and  2-inch 
diameters. 


16-6 


ERiC 


594 


BUILDER  3  &  2 


GASOLINE 
CHAIN  SAW 


The  gasoline-driven  chain  saw  (fig.  16- 1 3)  is 
a  portable  one-man  saw  with  the  t'.etli  arranged 
on  a  flexible-steel  chair.like  belt  that  rotates  so 


29132 

Figure  1S-13.-GMO)ine  enpoe*driven  chsln  uw 
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the  teeth  cut  or.ty  h  one  direction,  clockwise.  It 
has  a  p:sto!-grip  handle  and  a  sturdy  bar  frame 
above  the  engine  for  holding  and  guiding.  In 
sawing,  the  chin  sa^v  is  held  against  a  tree  or 
timber  and  glided  through  the  work  under  light 
pressure.  Ths  pushbutton  chain  oiler  should  be 
used  periodically  to  lubricste  the  chain.  Some 
chain  saws  are  equipped  with  automatic  oilers. 
Chain  saw  sizes  range  from  16  inches  through  36 
inches. 


AIR  COMPRESSORS 


One  of  several  types  of  air  compressors  that 
Builders  operate  is  the  Worthington  600-cfm 
portable  compressor  ffig.  16-14).  Lil  e  the 
others,  it  consists  of  a  driving  unit,  a 
compressing  unit,  mu  accessories.  The  driving 
unit  is  a  gasoline  or  diesel  engine  that  provides 
power  to  operate  the  compressor.  The 
compressing  unit  increases  the  pressure  cf  air  by 
reducing   the   volume   of  air.    Among  the 
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Flyjra  1$-14,-Worthington  600  CFM  portable  rotary  air  compressor. 


accessories  are  the  pneumatic  controls  (fig. 
16-15)  and  a  pressure  control  system  which 
limits  the  pressure  of  compressed  air  to  between 
70  and  100  pounds  per  square  inch. 


STARTING  THE  DRIVING 
UNIT  (DIESEL  ENGINE) 


Before  starting  the  engine  check  the  level  of 
the  engine  oil.  If  necessary,  add  oil  but  do  NOT 
overfill.  Also  check  the  engine  cooling  system.  IT 
necessary,  add  soft,  clean  water  until  the 
radiator  is  filled  to  the  bottom  of  the  filler  neck. 
In  cold  weathet  use  permanent  antifreeze  that 
contains  a  rust  inhibitor.  Make  sure  the  fuel 
tanks  contain  enough  clean  fuel. 

Take  the  following  steps  in  starting  the 
engine  during  mild  or  warm  weather: 

L  Open  the  service  valve  about  one  quarter 
turn-not  wide  open. 

2,  Make  sure  the  clutch  is  engaged. 


3.  Position  the  low-pressure  engine-oil 
safety -control  knoo  to  ON.  See  figure  16*16. 

4.  Turn  the  ignition  switch  to  start 
position.  Immediately  after  the  engine  starts, 
release  the  ignition  switch.  If  the  engine  fails  to 
start  within  30  seconds,  release  the  ignition 
switch  and  allow  the  starting  motor  to  cool  off 
for  a  few  minutes  before  trying  again. 

5.  With  the  engine  running,  check  the  oil 
pressure  gage.  If  no  pressure  is  indicated,  turn 
the  engine  off.  Otherwise,  let  the  oil  pressure 
rise  to  22  psi  or  more. 

NOTE:  The  oil  pressure  gage  registers 
erratically  until  the  engine  oil  warms  up 

6.  Check  the  low-pressure  engine-oil  switch. 
Its  knob  should  be  in  the  RUN  position. 

7.  After  the  engine  ha*  run  about  3 
minutes,  check  the  water  or  engine*coolant 
temperature.  It  should  be  less  than  210°F;if 
higher,  SHUT  OFF  THE  ENGINE. 
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Figure  18-15.— Pneumatic  control*. 
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Figure  1&-1&-Air  oomprewof  Srtrument  panel. 


Take  the  following  steps  in  starting  the  unit 
during  cold  weather: 

1.  Disengage  the  clutch.  This  permits 
engine  warmup  at  idling  speed. 

?.  Start  the  engine  using  the  heater  switch 
and  priming  pump  in  accordance  with  the  engine 
manual. 

3.  Run  the  engine  until  the  engine  coolant 
temperature  reaches  120°F. 

4.  Turn  the  ignition  switch  to  OFF. 

5.  After  the  engine  stops,  engage  the 
clutch. 

6.  Start  the  engine  again. 

7.  Let  the  compressor  run  until  the  gages 
indicate  normal  operating  conditions. 
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STOPPING 

When  stopping  rhc  unit  at  the  end  of  the 
day's  run,  first  close  the  service  valve  and  let  the 
engine  run  at  idle  speed  for  5  minutes.  This 
aUow  the  engine-coolant  temperature  to  level  off 
and  the  entire  unit  to  cool.  Then  turn  the 
ignition  switch  to  the  OFF  position. 

£* 

PORTABLE  TYPE 
GEN  ERA  TO  RSy  FLOODLIGHTS 

At  overseas  bases,  generators  arc  used  to 
provide  electric  power  for  camp  and  project 
lighting,  communications,  and  other  equipment. 
Engine^driven  generators  supply  electricity  for 
field  equipment,  such  as  the  portable  floodlight 


unit  (figure  16-17).  This  self-contained  unit 
(Es$5c  Electric  Engineer's  Model  A172)  is 
especially  suited  for  use  in  remote  locations  as 
an  emergency  floodlight  source.  It  can  also 
furnish  electrii;  power  for  small  handtools. 
Model  A172  consists  of  an  engine-generator  set* 
six  portable  Uoodlights,  eight  extension  cords, 
and  a  control  panel.  All  components  are 
mounted  on  a  two-wheel  trailer  covered  by  a 
weatherproof  sheetmctal  housing. 

Each  floodlight  is  rated  500  watts;  the  lamp 
is  rough-service  incandescent.  The  floodlights  are 
mounted  on  top  of  the  housing  during 
operation.  They  can  swivel  in  different 
directions  and  pivot  in  various  positions. 

The  extension  cords  enable  the  floodlights 
to  be  used  away  from  the  unit.  The  cords  should 
not  be  allowed  to  kink  or  come  in  contact  with 
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sharp  objects,  oil  or  grease,  hot  surfaces,  or 
chemicals,  Nor  should  they  be  left  where  they 
might  be  run  over.  Damaged  cords  must  be 
replaced.  They  are  NOT  to  be  patched  with 
tape.  After  use,  the  cords  should  be  stored 
properly,  loosely  coiJed,  inside  the  housing. 

Before  use,  the  floodlight  unit  must  be 
inspected  f0r  (1)  loose  connections,  bolts,  nuts, 
or  other  hardware  and  (2)  damaged  meter 
glasses,  lights,  extension  cords,  or  other  parts. 
Electrical  apparatus  must  NOT  be  installed  by 
personnel  whose  hands,  clothes,  or  shoes  are 
wet.  Electrical  circuits  must  be  tested  by  a 
Construction  Electrician.  If  the  unit  is  operated 
in  an  enclosed  area,  engine  exhaust  fumes  must 
be  piped  outdoors. 

The  control  panel  for  the  generator  and 
floodlights  (fig.  16-18)  is  located  at  the  rear  of 
the  unit.  The  panel  is  divided  into  two  sections: 
( 1)   A  top  section  containing  the  output 


voltmeter,  output  ammeter,  control  fuse,  held 
flash  switch*  panel  light  switch,  voltage  control, 
main  60-ampere  circuit  breaker,  and  eight 
15-ampere  receptacle  circuit  breakers;  and  (2)  a 
lower  section  containing  eight  weatherproof 
receptacles. 

The  trailer  has  a  retractable  front  stand, 
safety  towing  chains,  parking  brake,  lifting  eyes, 
adjustable  coupling,  and  a  12-\olt  vehicle 
lighting  system. 

STARTING  THE  ENGINE 

Take  the  following  *teps  in  starting  the 
engine: 

1.  Pull  out  the  low  oil-pressure  switch  shaft 
and  insert  the  spring  in  the  recess  to  override  the 
switch. 

2.  Pull  out  the  choke  control. 
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Figure  16-'8.-Port»bl»  g*ne«tor  floodlight  unit  control  panel. 
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3.  Puil  out  hand  throttle  approximately 
1  1/2  inches. 

4.  Pull  out  the  ignition  switch  button. 

t       5.  Start  the  engine  by  depressing  the  start 
switch  until  the  engine  fires,  then  release. 

6.  Warm  the  engine  at  a  moderate  speed.  As 
the  engine  warms  up*  push  the  choke  in 
gradually, 

7.  Reset  the  low  oil-pressure  switch. 

8.  Extend  the  hand  throttle  fully  and  then 
lock  into  position. 

FLASHING  THE  GENERATOR 

Before  flashing  the  generator,  make  sure  that 
the  main  circuit  breaker  is  in  the  OFF  position. 
Then  turn  the  voltage  control  completely 
counterclockwise  to  set  it  to  minimum  voltage. 
Wait  until  the  voltage  builds  up  before  you  field 
flash  by  momentarily  operating  the  field  flash 
switch.  Next,  turn  the  voltage  control  clockwise 
until  the  output  indicates  115  volts.  Now  apply 
the  load  by  turning  on  the  main  circuit  breaker 
and  the  individual  receptacles*  output  circuit 
breakers. 

STOPPING  THE  ENGINE 

The  engine  must  be  stopped  before  it  is 
fueled  or  lubricated.  When  stopping  the  engine 
at  the  end  of  the  day's  run,  take  the  following 
steps: 

1.  Turn  off  the  main  circuit  breaker. 

2.  Cool  the  engine  at  its  rated  speed  for  5 
minutes' with  the  throttle  rod  fully  extended. 

3.  Stop  the  engine  by  first  pushing  the 
throttle  rod  all  the  way  in  and  then  immediately 
pushing  the  ignition  switch  button.  CAUTION: 
Do  not  idle  the  engine  with  the  generator 
excited  because  excessive  field  current  can  bum 
out  the  generator  field  windings.  Never  shut 
down  the  engine  while  the  generator  is  under 
load. 

TIMBER  FASTENERS  AND  CONNECTORS 

As  a  Builder  working  in  heavy  construction, 
you  will  be  concerned  with  the  common  types 
of  fasteners  and  connectors  used  in  heavy 
construction  and  the  methods  of  attaching 
them. 


TIMBER  FASTENERS 

The  BOLTS  used  to  fasten  heavy  timbers 
usually  have  square  heads  and  come  in  1/2-, 
3/4-,  and  1-inch  diameters.  Round  steel  washers 
are  placed  under  the  heads  and  the  nuts  (also 
square).  The  bolts  are  tightened  until  the 
washers  bite  welt  into  the  wood,  to  compensate 
for  future  shrinkage.  Bolts  should  be  spaced  at 
LEAST  9  inches  on  center.  Edge  distance  should 
not  be  less  thai  2  1/2  inches  and  end  distance 
not  less  than  1  inches. 

End  butt  joints  are  customarily  fastened 
with  DRIFT  BOLTS  (often  called  DRIFT 
PINS).  A  drift  bolt  is  a  long,  threadless  bolt 
which  is  driven  into  a  hole  bored  through  the 
member  it  is  butted  against  and  Into  the  end  of 
the  abutting  member.  The  bored  hole  is  made 
slightly  smaller  than  the  bolt  diameter  and  about 
3  inches  shorter  than  the  bolt  length.  Drift  bolt 
diameters  run  from  1/2  to  1  inch;  lengths  from 
18  to  26  inches. 

End  butt  joints  are  also  fastened  with  a 
SCAB,  which  is  a  short  length  of  timber,  spiked 
or  bolted  to  the  adjoining  members  at  the  joint 
as  shown  in  figure  16-19. 
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Figure  16- 19,-*$  cab*. 
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TIMBER  CONNECTORS 


TIMBER  CONNECTOR  is  any  device  used 
to  increase  the  strength  and  rigidity  of  bolted 
lap  joints  between  heavy  timbers.  For  example, 
the  SPLIT  RING-  shown  in  figure  16-20,  It  is 
embedded  in  cireular  grooves,  which  are  cut 
with  a  special  type  of  bit  in  the  faces  of  the 
timbers  that  are  to  be  joined.  Split  rings  come  in 
diameters-  of  2  1/4,  4,  6,  and  8  inches.  The 
2  1/2-inch  ring  takes  a  1/2-inch  bolt,  the  others  a 
3/4-inch  boll.  When  more  than  one  ririg  is  used 
at  a  joint,  minimum  spacing  between  ring 
centers  should  be  9  inches.  Also,  this  spacing 
should  be  2  1/2  ling  diameters  if  the  pull  on  the 
joint  is  parallel  :o  the  grain*  but  only  1  1/2-ring 
diameters  if  the  pull  is  perpendicular  to  the 
grain.  Edge  distance,  measured  from  the  center 
of  the  ring  to  the  edge  of  the  member,  should 
not  be  less  than  1/2  the  ring  diameter  plus  I 
inch*  End  distance,  measured  from  the  center  of 
the  ring  to  the  end  of  the  member,  should  not 
be  less  than  7  inches. 


45,543 

Figure  1 6-20. —Split  ring  and  split -f  ing  joint. 
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Figure  16*21,— Toothed  ring  and  toothed-f  ing  joint. 


TOOTHED  RINGS  (fig,  16-21)  function  in 
much  the  same  manner  as  split  rings,  but  can  be 
embedded  without  having  to  cut  grooves  in  the 
members,  A  toothed  ring  is  embedded  by  tfte 
pressure  produced  by  tightening  a  *bolt  of 
high-tensile  strength,  as  shown  m  figure  16-22. 
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Figure  1 6-22- Embodd  tog  toothed  rings. 
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The  hole  for  the  bolt  is  made  1/16  inch  larger 
than  the  bolt  diameter,  so  that  the  bolt  may  be 
easily  extracted  after  the  ring  is  embedded.  It  is 
then  replaced  by  an  ordinary  steel J>olt. 

Toothed  rings  come  in  2%  2  5/8->  3  3/8-,  and 
4-ineh  diameters.  The  2*inch  ring  takes  a 
l/2-inetr  bolt:  the  2  5/8-inch  ring  a  5/8-inch 
bolt;  and  the  others,  a  3/4-inch  bolt  The 
spacing* ,  edge  distances,  and  end  distances  are 
the  same  as  they  are  for  split  rings. 

SPIKE  GRIDS  are  shown  in  figure  16-23.  A 
spike  grid  may  be  FLAT  (for  joining  two  flat 
surfaces),  SINGLE-CURVED  (for  joining  a  flat 
and  a^urved  surface),  or  DOUBLE-CURVED 
(for  joining  two  curved  surfaces).  A  spike  grid  is 
embedded  in  the  same  manner  as  a  toothed  ring. 


TIMBER  TRESTLES 

A  TRESTLE  is  a  braced  framework  of 
timbers,  piles,  oi  steel  members.  It  is  built  to 
carry  a  roadway  across  a  depression,  such  as  a 
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Figure  16*23,— Spike  grid  and  ipiks-grid  joints. 


gully,  a  canyon*  or  the  valley  of  a  stream.  The 
two  main  subdivisions  of  a  trestle  are  the 
SUBSTRUCTURE,  consisting  of  the  supporting 
members,  and  the  SUPERSTRUCTURE, 
consisting  of  the  DECKING  and  the 
STRINGERS  on  which  the  decking  is  laid. 

The  substructure  of  a  timber  trestle  consists 
of  a  series  of  transverse  frameworks  called 
BENTS.  TRESTLE  bents  are  used  on  solid,  dry 
ground,  or  in  shallow  water  with  solid  ground. 
PILE  bents  are  used  in  soft  or  marshy  ground, or 
where  the  water  is  so  deep,  or  the  current  so 
swift  that  the  use  of  trestle  bents  is  impossible. 
The  posts  of  a  pile  bent  are  BEARING  piles  or 
vertical  members  driven  in  the  ground. 


NOMENCLATURE 


A  trestle  bent  may  be  a  SINGLE-STORY 
bent  or  a  MULTISTOR^  bent.  The  parts  of  a 
single-story  bent  are  shown  \n  figure  16-24.  A 
two-story  bent  is  shown  in  figure  1 6-25, 

The  principal  parts  of  a  trestle  and  their 
definitions  are  as  follows, 

ABUTMENT, -The  ground  support  at  each 
of  the  extreme  ends  of  the  superstructure.  (See 
figs.  16-26  and  16-27.) 


TRANSVERSE  Oi  AGONAL  CAP 
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Figure  *8-24.—  Parts  ot  a  singte-ttory  uettte  bent 
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HEVATION  of 


LONGITUDINAL  EtCVARON 

(two  mm\ 
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Figure  16- 27. -Placing  and  leveling  abutment  footings 
and  abutment  till. 


CAP. -The  uppermost  transverse  horizontal 
structural  member  of  a  bent;  it  is  laid  across  the 
tops  of  the  posts. 
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Figure  16-25.-Two-storY  trestle  bent. 


BRACING.-The  timbers  used  to  brace  a 
trestle  bent,  called  TRANSVERSE  bracing,  or 
the  timbers  used  to  brace  b***its  to  each  other, 
called  LONGITUDINAL  bracing.  Longitudinal 
bracing  is  shown  in  figure  16-25. 


JZL 


TZJ 


nn 


t— frtnrrwc  -J 


orzr 


45.524 

Figure  1&2fr->  Abutment  till  ami  ?oo+4ng  and  abutment 
excavation. 


DECKING.-The  structure  laid  on  the 
girders  to  form  the  roadway  across  the  trestle;  it 
consists  of  a  lower  layer  of*  timbers 
(FLOORING)  and  an  upper  layer  of  timbers 
(TREADWAY). 

FLOORING. -See  DECKING. 

FOOTINGS. -The  supports  placed  under  the 
sills.  In  an  all-timber  trestle*  the  footings  consist 
of  a  series  of  short  lengths  of  plank.  Whenever 
possible,  however,  the  footings  are  made  of 
concrete. 

GIRDER. -One  of  a  series  of  longitudinal 
supports  for  the  deck  which  is  laid  on  the  caps. 

POST.-One  of  the  vertical  structural 
members. 

SILL.-The  bottom  transverse  horizontal 
structural  member  of  a  trestle  bent,  on  which 
the  posts  are  anchored,  or  transverse  horizontal 
member  which  supports  the  ends  of  the  girders 
at  an  abutment. 
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STRINGER. -Same  as  girder. 

SUBSTRUCTURE. -The  supporting  struo 
ture  of  braced  trestle  bents,  as  distinguished 
from  the  superstructure. 

SUPERSTRUCTURE^The  spanning  struc- 
ture of  girders  and  decking,  as  distinguished 
from  the  substructure. 


will  be  the  height  of  the  second  bent.  Next, 
stretch  the  tape  from  the  location  of  the  second 
bent  and  proceed  as  before.  The  vertical  distance 
from  the  location  of  the  bob  to  the  homontaj 
tape,  plus  the  height  of  the  second  bent,  less  the 
thickness  of  a  footing,  will  be  the  height  of  the 
third  bent,  and  so  on.  (See  fig,  16-28.) 

CONSTRUCTING  A  TRESTLE  BENT 


TREADWAY.-See  DECKING. 

CONSTRUCTING  A 
TIMBER  TRESTLE 

After  location  of  the  centerline  of  a  trestle 
has  been  decided  upon,  the  next  step  is  to  locate 
the  abutment  on  each  bank  at  the  desired  or 
prescribed  elevation.  The  abutments  are  then 
excavated  to  a  depth  equal  to  the  combined 
depths  of  the  decking  and  the  stringers,  less  an 
allowance  for  settlement.  The  abutment  footings 
and  the  abutment  sills  are  then  cut,  placed,  and 
leveled,  as  shown  in  figure  1 6-27. 

The  horizontal  distance  from  an  abutment 
sill  to  the  first  bent  and  from  one  bent  to  the 
next  is  controlled  by  the  length  of  the  girder 
stock.  It  is  usually  made  equal  to  the  length  of 
the  stock,  minus  about  2  ft  for  overlap.  Girder 
stock  usually  comes  in  14-ft  lengths;  the 
cen  ter-to<enter  horizontal  distance  bet  ween 
bents  is  usually  14  minus  2,  or  12  ft. 

The  locations  of  the  seats  for  the  trestle 
bents  'and  the  heights  of  the  bents  can  be 
determined  as  follows.  Stretch  a  tape  from  the 
abutment  along  the  cen  terllne,  and  use  a 
builder's  level  or  a  line  level  to  level. the  tape. 
Drop  a  plumb  bob  from  the  I2*ft  mark  on  the 
tape  to  the  ground.  The  position  of  the  plumb 
bob  on  the  ground  will  be  the  location  of  the 
first  bent.  The  vertical  distance  from  the 
location  of  the  bob  to  the  horizontal  tape,  less 
the  thickness  of  a  footing,  will  be  the  height  of 
the  first  bent.  Next,  stretch  the  tape  from  the 
location  of  the  first  bent,  level  it  as  before,  and 
again  drop  a  plumb  bob  from  the  12-ft  mark. 
The  position  of  the  plumb  bob  v/ill  be  the 
location  of  the  section  bent.  The  vertical 
distance  from  the  location  of  the  bob  to  the 
horizontal  tape,  PLUS  THE  HEIGHT  OF  THE 
FIRST  BENT,  less  the  thickness  of  the  footing, 


A  trestle  bent  is  laid  out  and  constructed  as 
follows.  The  length  of  the  posts  is  equal  to  the 
height  of  the  bent,  less  the  combined  depths  of 
the  cap  and  sill.  In  a  4-post  bent,  the  centers  of 
the  two  outside  posts  are  located  from  1  to 
2  1/2  feet  inboard  of  the  ends  of  the  sill,  and  the 
centers  of  the  two  inner  posts  are  spaced 
equidistant  between  the  other  two. 

Sills,  caps,  and  posts  are  commonly  madtof 
stock  from  12  by  12  to  14  by  16;  if  a  sill  or  cap 
is  not  sqpare  in  a  cross  section  (as  in  the  case  of 
14  by  16  stock),  the  larger  dimension  should  be 
placed  against  the  ends  of  the  posts.  The  usual 
length  for  a  sill  or  cap  is  2  feet  more  than  the 
width  of  the  roadway  on  the  trestle.  The 
minimum  width  for  a  single-lane  trestle  is  14 
feet;  for  a  two*lane, trestle,  18  feet. 

Part  of  the  terrain  at  an  assembly  site  may 
be  graded  flat  and  used  as  a  FRAMING  YARD, 
or  a  low  platform  may  be  constructed  for  use  as 
a  FRAMING  PLATFORM.  To  assemble  a  bent, 
lay  the  posts  out  parallel  and  properly  spaced, 
and  set  the  cap  and  sill  in  position  against  the 
ends.  Bore  the  holes  for  the  drift  pins  through 
the  cap  and  the  sill  into  the  ends  of  the  posts, 
and  drive  in  the  drift  pins.  Cut  a  pair  of 
2  by  8  by  18  scabs  for  each  joint  and  then  spike, 
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Figure  16*28.- Locating  *e*ti  for  trestle  bents* 
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lag-screw,  or  bolt  the  scabs  to  the  joints.  Finally, 
measure  the  diagonals  to  determine  the  lengths 
of  the  transverse  diagonal  braces*  Cut  the  braces 
to  length*  and  spike,  lag-screw,  or  bolt  them  to 
the  sills,  caps,  and  posts.  Transverse  diagonal 
bracing  is  usually  made  of  2  by  8  stock, 

ERECTING  A  TRESTLE  BET" 

The  usual  method  of  erecting  trestle  bents  is 
as  follows,  A  traveling  crane  (or,  in  the  absence 
of  a  traveling  crane,  the  best  available  means  of 
transport)  brings  the  assembled  first  bent  to  the 
abutment,  swings  it  out,  ^nd  sets  it  in  place  on 
the  footings  at  thq  seat/  The  bent  is  carefully 
plumbed  and  temporarily  braced  with  timbers 
running  from  the  top  of  the  bent  to  stakes 
driven  at  the  abutment  The  superstructure 
(girders  and  decking)  is  laid  from  the  abutment 
out  to  the  top  of  the  fipst  bent.  The  crane  then 
brings  the  second  bent  out  to  the  end  of  the 
superstructure  and  sets  it  in  place.  The  second 
bent  is  plumbed,  the  diagonals  are  measured  to 
determine  the  lengths  of  the  longitudinal 
diagonal  braces  between  the  first  bent  and  the 
second,  and  the  braces  are  then  cut  and  spiked, 
lag-sere  wed ,  or  b  olted  in  place.  The 
superstructure,  is  then  carried  out  to  the  second 
bent,  after  which  the  crane  brings  the  third  bent 
out  to  the  end  of  the  superstructure.  This 
procedure  is  repeated,  usually  by  parties 
working  out  from  both  abutments,  until  the 
entire  span  is  completed.  In  the  absence  of  a 
crane,  either  a  gin  pole  or  a  set  of  shears  is 
erected  and  moved  out  with  the  superstructure, 

CONSTRUCTING  THE 
SUPERSTRUCTURE 

Timber  girders  are  usually  10  by  16's,  14 
feet  long,  spaced  3  feet  3  1/2  inches  oncenten 
Various  methods  of  fasteiring  timber  girders  to 
timber  caps  are  shown  in  the  first  view  of  figure 
16-29.  Various  methods  of  fastening  steel  girders 
to  timber  caps  are  shown  in  the  second  view  of 
figure  16-29.  This  view  also  shows  three  ways  of 
fastening  a  timber-nailing  anchorage  for  flooring 
to  the  top  of  a  steel  girder. 

Timber  decking  consists  of  two  layers  of 
3-inch  planks.  The  lower  layer,  called  the 
FLOORING,  is  laid  it  right  angles  to  the  girders 


and  nailed  with  two  60*penny  spikes  to  each 
girder  crossing.  The  upper  layer,  called  the 
TREADWAY,  is  laid  at  a  45°  angle  to  the  girders 
and  securely  nailed  to  the  lower  layer. 

As  indicated  in  figure  16-30,  most  of  the 
flooring  planks  and  all  the  treadway  planks  are 
cut  to  lengths  which,  will  bring  the  ends  of  the 
planks  flush  with  the  outer  faces  of  the  outside 
stringers.  However,  at  every  5  feet  along  the 
superstructure,  a  flooring  plank  is  Wft  long 
enough  to  extend  2  feet  8  inches  beyond  the 
outer  faces  of  the  outside  stringers.  The 
extension  serves  as  a  support  for  the  CURB 
RISERS,  the  CURB,  and  the  HANDRAIL 
POSTS,  as  shown  in  the  figure.  The  curb  risers 
consist  of  3-foot  lengths  of  6  by  6,  one  of  which 
is  set  in  front  of  each  handrail  post  as  shown,  A 
continuous  2  by  6  handrail  is  nailed  to  4  by  4 
handrail  posts.  Each  handrail  post  is  supported 
by  a  2  by  4  KNEE  BRACE,  as  shown. 

As  indicated  -in  figure  16-31,  an  END  DAM 
is  set  at  each  end  of  the  superstructure  to 
prevent  the  approach  of  the  road  to  the  trestle 
from  washing  out  or  eroding  between  the 
abutment  and  the  girders. 
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Figure  16~2&-Methods  of  fattening  timber  and  tteel 
girders  to  timber  caps. 
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Figurt  t6-30.-Oetails  of  superstructure  of  a  timber 
trertle. 
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Figure  16-31.-£nd  dam. 


PILES 


The  principal  structural  members  in  many 
types  of  waterfront  structures  are  PILES.  Made 
of  wood,  steel,  or  concrete  they  are  driven  into 
the  ground.  A  vertical,  or  bearing,  pile  sustains  a 
vertical  downward  pressure.  A  BATTER  pile  is 
set  at  an  angle  to  sustain  a  diagonal  pressure. 
SHEET  piles  are  equipped  for  edge  joining  and 
are  driven  edge  to  edge  to  form  a  wall  which 
sustains  a  lateral  (horizontal)  pressure. 

As  a  Builder,  you  will  be  most  concerned 
with  timber  piles.  Steel  piling  ranks  next  in 
importance,  especially  where  the  construction 
must  accommodate  heavy  loads  or  the 
foundation  is  expected  to  be  used  over  a  long 


period  of  time-  Steel  is  best  suited  tor  use  as 
bearing  piles  where  piles  must  be  driven  under 
the  following  conditions:  piles  are  longer  than 
80  feet;  column  strength  exceeds  the 
compressive  strength  of  timber;  to  reach 
bedrock  for  maximum  bearing  surface  through 
o^rlying  layers  of  partially  decomposed  rock; 
to  penetrate  layers  of  coarse  gravel  or  soft  rock, 
such  as  coral;  or  to  attain  greater  depth  of 
penetration  for  stability.  For  example,  driving 
piles  ' in  a  rock-bedded,  swiftly  flowing  stream 
where  timber  piles  cannot  be  driven  deeply 
enough  for  stability. 

Concrete  and  composite  piles  are  seldom 
used  since  they  require  material  and  equipment 
not  normally  available  through  military  supply 
channels.  They  are  likely  to  be  used  in  cases 
where  local  materials  are  readily  available, 
whereas  standard  military  piling  would  have  to 
be  received  in  large  quantities  from  CONUS. 
Interlocking  steel-sheet  piling  is  often  used  in 
military  construction,  but  concrete-sheet  piling 
can  be  manufactured  in  the  Held  when  local 
materials  are  available. 

Besides  availability  of  material,  the  following 
factors  influence  the  type  of  piles  to  be  used  in 
heavy  construction: 

Anticipated  pile  loads. 

Anticipated  length  of  piles  and  ease  of 
adjusting  length,  if  necessary. 

Soil  conditions  at  the  site. 

Ground  water  conditions  at  the  site. 

Availability  of  equipment  for  handling  and 
driving  piles. 

Time  available  for  construction. 

Degree  of  permanence  required  and 
exposure  conditions  for  completed  structure. 

Physical  properties  of  available  pile  types. 

Accessibility  of  site  and  transportation 
facilities. 

Costs. 

In  HASTY  construction,  any  and  all  readily 
available  materials  can  be  used  to  construct  a 
pile  foundation  capable  of  supporting  the 
superstructure  and  maximum  load  during  the 
short  term  period  of  the  structure.  Of  course, 
the  tactical  situation  and  considerations  of  time 
and  effort  dictate  whether  construction  will  be 
hasty  or  not. 
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TIMBER  BEARING  PILES 

Timber  bearing  piles  are  usually  straight  tree 
trunks  cut  off  above  ground  swell,  with  the 
branches  closely  trimmed  and  the  bark  removed 
Occasionally,  sawed  timbers  may  be  used  as 
bearing  piles, 

A  good  timber  pile  has  the  following 
characteristics: 

Free  of  sharp  bends,  large  0r  loose  knots, 
shakes,  splits,  and  decay;  uniformly  tapered 
from  butt  to  tip;  and  centers  of  butt  and  tip  are 
endpoints  of  a  straight  line  that  lies  within  the 
body  of  the  pile. 

Cross-section  dimensions  that  limit  the  use 
of  timber  as  piles  are: 

Piles  shorter  than  40  feet,  tip  diameters 
between  8  and  11  inches,  and  butt  diameters 
between  12  and  18  inches. 

Piles  longer  than  40  feet,  tip  diameters 
between  6  and  8  inches,  and  butt  diameters 
between  13  and  20  inches.  The  butt  diameter 
must  not  be  greater  than  the  distance  between 
the  pile  leads. 

Preparation  of  Piles 
for  Driving 

Timber  piles  can  be  damaged  while  being 
driven,  particularly  under  hard-driving 
conditions.  To  protect  a  pile  against  damage,  the 
butt  of  the  pile  is  cut  off  square  so  that  the  pile 
hammer  will  strike  it  evenly.  The  butt  is  also 
chamfered  When  a  driving  cap  is  usee1,  the 
chamfered  butt  must  fit  the  cap.  When  a  cap  is 
not  used,  the  top  end  of  the  pile  is  wrapped  with 
10  or  12  turns  of  wire  at  a  distance  of  about  one 
diameter  below  the  head  of  the  pile,  as  shown  in 
views  A  and  B,  figure  16-31  As  an  alternative  to 
wrapping,  two  half-rings  of  3/S-inch  steel  afe 
clamped  around  the  butt  (view  D,  fig.  16*32). 
When  a  hole  is  bored  in  the  butt  of  the  pile, 
double  wrappings  are  used,  as  shown  in  view  C, 
figure  16-31  The  pile  is  also  wrapped  ory 
clamped  if  the  butt  is  crushed  or  split* 

The  tip  of  the  pile  is  cut  off  perpendicular  to 
its  axis.  When  driven  into  soft  or  moderately 
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Figure  <M&-Pr*fWation  of  timber  pHei  fof  driving. 


compressible  soil,  the  tip  of  the  pile  may  be  left 
unpointed.  A  bluntand  pile  provides  a  larger 
bearing  surface  than  a  pointed-end  pile  as  an 
end-bearing  pile.  When  driven,  a  blunt^end  pile 
that  strikes  a  root  or  small  obstruction  may 
break  through  it.  In  case  the  soil  is  only  slightly 
compressible  and  must  be  displaced,  the  tip  of 
the  pile  is  usually  sharpened  to  the  shape  of  a 
truncated  pyramid  (view  A,  fig.  16-32).  The 
blunt  end  is  about  4  to  6  inches  square,  the 
length  of  the  point  is  1  1/2  to  2  times  the 
diameter  of  the  pile  at  its  foot.  A  crooked  pile 
may  be  pointed  for  driving,  as  shown  in  view  B, 
fig,  16-31  For  hard  driving,  steel  shoes  are  used 
to  protect  the  tips  of  piles  (view  C,  fig.  16-32). 
Improvised  steel  shoes  arc  shown  in  view  D,  fig. 
16-32. 

Reinforcement  of  Wood  Piles 

Piles  that  have  been  weakened  by  marine 
borers  can  be  strengthened  and  protected  by 
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encasing  them  in  concrete  jackets.  Steel 
reinforcing  can  be  used  in.  a  concrete  jacket 
cither  in  the  form  of  bars  or  wire  mesh.  Where 
damage  is  limited,  concrete  encasement  may  be 
used  to  cover  a  short  section  of  the  pile,  as 
shown  in  figure  16-33*  or  may  be  extended  well 
below  the  waterline  or  to  the  mud  line. 

The  surface  of  a  damaged  pile  should  be 
,  scraped  down  to  sound  wood.  Either  metal  or 
wood  forms  may  be  used  When  wood  forms  are 
used,  a  2*inch  creosoted  tongue-and-groove 
material  should  be  used  and  left  in  place.  Fender 
piles  that  are  broken  between  the  top  and 
bottom  wales  can  be  repaired  by  cutting  off  the 
pile  just  below  the  break,  then  installing  a  new 
section  of  pile  and  fitting.  A  pile  section  or 
timber  section  is  placed  and  bolted  directly 
behind  the  fender  pile  from  the  top  to  the 
bottom  wales.  A  metal  wearing  strip  is  then 
spiked  to  the  wearing  edge  of  the  pile. 


Preservation  of  Wood  Piles 

All  timber  used  for  piling  and  any  other 
structure  exposed  to  marine  borers  should  be 
pressure  treated  with  a  creosote-coal  tar  solution 
containing  approximately  30  percent  coal  tar. 
The  treatment  must  be  thorough  and  the 
penetration  as  deep  as  possible.  The  retention 
should  be  equivalent  to  at  least  20  pounds  of 
creosote  per  ci/bic  foot  of  timber  in  the  case  of 
Douglas  fir  and  25  pounds  per  cubic  foot  in  the 
case  of  Southern  Yellow  Pine.  "The  use  of 
untreated  wood  can  sfcldom  be  Justified,  even  for 
temporary  structures,  because  marine  borers  can 
destroy  it  in  a  short  period  of  time. 

When  pressu  recreated  materials  have  been 
cut  or  bored  as  to  expose  untreated  wood,  the 
untreated  surface  should  be  field  treated  witJi  a 
generous  application  of  a  grease  preservative  or  a 
hot  creosote  solution.  Holes  for  bolting  sh<Ftid 
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ftgure  1 6-34.— HP-bwIng  pife  and  special  cap  for 
driving. 


be  neat  but  not  oversl2ed.  They  should  be 
treated  with  a  preservative  applied  with  a 
bolt-hole  treater  or,  if  this  cannot  be  done,  with 
hot  creosote  poured  into  the,  holes.  Grease 
preservatives  can  be  applied  with  a  grease  gun. 
All  cut  surfaces  should  have  a  minimum  of  three 
-  brushed-on  coats  of  hot  creosote  or  a  heavy 
coating  of  grease  preservative  applied 
immediately  after  exposure  of  the  surface.  In  an 
emergency  where  time  will  not  permit 
procurement  of  pressure^treated  wood  to  repair 
a  superstructure  above  the  vrateriine,  piles  can 
be  treated  on  the  job.  After  replacement  piles 
are  cut  and  bored,  they  are  soaked  in  hot 
creosote,  pentachlorophenol,  or  a  copper* 
naphtenate  solution  for  a  minimum  of  2 
hours  before  use.  This  is  only  a  substitute  for 
the  pressure  treatment  and  NOT  to  be  used 
when  pressu  recreated  wood  is  available. 

STEEL  BEARING  PILES 

The  two  most  common  types  of  steel 
bearing  piles  are  the  HP  or  so-called  H-piie  and 
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the  pipe  pile.  An  OPEN-END  pipe  pile  is  open  at 
the  bottom;  a  CLOSED-END  pipe  pile  is  closed 
at  the  bottom.  A  special  pipe-driving  cap,  as 
shown  in  figure  16-34.  is  used  to  drive  the  steel 
piles. 


Reinforcement  of  Steel  PiJes 


Steel  members  that  have  corroded  in  only 
limited  areas  may  be  repaired  by  welding  metal 
fishplates  onto  the  flanges  and  web.  The 
corroded  section  should  be  first  thoroughly 
N^leaned  out  and  any  featheredges  should  be 
burned  off  back  to  a  point  where  the  meta]  is  of 
sufficient  thickness  to  hold  a  weld.  The 
fishplates  should  have  sufficient  cross-sec tiona] 
area  to  develop  the  full  strength  of  the  original 
section  and  should  extend  beyond  the  top  and 
bottom  of  the  corroded  section  as  directed  by 
the  engineering  department.  Another  method 
used  is  to  encase  the  corroded  section  in 
reinforced  concrete.  After  the  corroded  section 
is  cleaned  and  corroded  edges  cut  back, 
reinforcing  rods  are  welded  to  the  flanges  and 
web.  A  form  is  then  placed  around  the  corroded 
section  and  filled  with  concrete.  Figure  16-35 
illustrates  this  procedure  for  steel  piles.  The 
same  system  can  be  used  for  other  structural 
steel  members 


Preservation  of  Steel  Piles 


ProtfcSing  agamst  corrosion  is  the  main 
consideration  in  the  maintenance  of  steel 
structures,  In  areas  rtove  the  waicrlinc, 
protection  is  afforded  by  means  of  protective 
coatings  or  encasement  in  concrete  The 
effectiveness  of  any  coating  or  covering  is  its 
ability  to  prevent  moisture  and  air  from  reaching 
the  steel.  Sandblasting  is  the  most  commonly 
used  method  of  preparing  steel  so  it  can  be 
protected.  In  wet  sandblasting,  a  rust  inhibitor, 
such  as  sodium  nitrate,  should  be  used.  Power 
tools  used  for  cleaning  include  rotary  wire 
brushes,  abrasive  disks  and  wheels,  chipping 
hammers,  and  rotary  impact  tools  They  may  be 
either  electric  or  pneumatic  Handtools  should 


used  for  small  areas.  Cleaning  should  remove 
all  rust  and  scale  down  to  the  base  metal.  Oil 
and  grease  must  be  removed  by  a  cleaner  or 
solvent  before  the  protective  coating  or  covering 
is  applied.  All  necessary  safety  precautions  must 
be  observed,  including  the  use  of  foggks  and 
respirators. 

Hot  coal-tar  enamel  applied  over  a  coal-tar 
primer  works  effectively.  The  enamel  is  applied 
in  two  coats  at  right  angles  or  in  overlapping 
coats  to  a  thickness  of  3/32  inch-  Since  coal-tar 
enamel  is  somewhat  brittle,  it  is  apt  to  be 
damaged  by  contact  with  boats  or  heavy  floating 
debris.  In  this  case,  cold  coal  tar  can  be  applied 
instead.  Also  in  the  c*£c  where  it  is  difficult  to 
apply  the  hot  enamel  Coal  tar  may  be  applied 
by  a  brush  or  a  spray  gun  in  two  coats.  The  first 
coat  should  be  permitted  to  dry  for  at  least  24 
hours  before  the  second  coat  is  applied.  To 
protect  against  weathering,  a  coating  of 
bituminous  emulsion  is  applied  also. 

CONCRETE  BEARING  PILES 

A  concrete  bearing  pile  may  be  CAST-1N- 
PLACfc  or  PRECAST.  A  cast-in-placc  concrete 
pile  may  be  a  SHELL  typt>  or  a  SHELL-LESS 
type.  A  shell  type  cast-m-plact*  pile  is 
constructed  as  shown  in  figure  l6-3h. 
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Figure  16*36.— Shell  tvpe  cart-in  Place  concrete  pile. 
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A  steel  core  called  a  MANDREL  is  used  to 
drive  a  hollow-steel  shell  into  the  ground.  The 
mandrel  is  then  withdra  */n,  and  the  shell  is  filled 
with  concrete.  If  the  shell  is  strong  enough*  it 
may  be  driven  without  a  mandrel 

A  shelWess  cast*in*place  concrete  pile  is 
made  by  placing  the  concrete  in  direct  contact 
with  the  earth.  The  hole  for  the  pile  may  be 
made  by  driving  a  shell  or  a  mandrel  and  shell* 
or  it  may  be  simply  bored  with  an  EARTH 
AUGER.  If  a  mandrel  and  shell  are  used,  the 
mandrel,  and  usually  also  the  shell,  are  removed 
before  the  concrete  is  poured-  In  onp  method, 
however,  a  cylindrical  mandrel  and  shell  are 
used,  and  only  the  mandrel  is  removed  before 
the  concrete  is  poured.  TV  concrete  is  poured 
into  the  shell,  after  which  t,  shell  is  extracted. 
(Sec  fir  16*31) 

Casting  in  place  is  not  usually  feasible  for 
concrete  piles  used  in  waterfront  structures. 
Concrete  piles  for  waterfront  structures  are 
usually  PRECAST.  Precast  concrete  piles  are 
usually  either  square  or  octagonal  in  cross 
section;  square-section  piles  run  from  6  to  24  in. 
square.  Concrete  piles  more  than  100  ft  long  can 
be  cast,  but  are  usually  too  heavy  for  handling 
without  special  equipment. 
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Figurt  18-37.-Proctdurt  for  placing  ca*Mn*ground 
concrtto  pltai- 


Repairs  above  the  wateriine  can  be  made  to 
free-standing  components  for  such  defects  as 
spalling  or  cracks  in  piles  and  bracing. 
Pressure-applied  mortar,  epoxy  formulations, 
normal  Portland  cement  concrete,  or  grout  arc 
applicable  materials.  Encasement  of  damaged 
portions  in  reinforced  concrete  (fig.  16-38)  is 
the  conventional  method  of  repairing  piling.  It  is 
always  preferable  to  place  concrete  in  a  dry 
condition  if  economical  and  feasible;  however, 
this  requires  cofferdams,  pumping  and  Working 
in  the  dry  condition  and  is  not  always  an 
economical  solution.  When  the  situation 
dictates,  concrete  can  be  placed  under  water. 
Forms  may  be  used  as  shown  in  figure  16*38. 
Additional  reinforcing  in  the  form  of  rods  or 
mesh  is  placed  around  the  damaged  pile,  and 
sectional  forms  are  used  to  hold  the  concrete  in 
place  until  it  cures.  Forms  may  be  made  of  pipe, 
sheet  metal,  or  wood  and  are  split  in  half 
vertically  so  that  they  can  be  placed  around  the 
pile  and  bolted  together  above  the  water.  Each 
section  is  then  slid  into  place  and  new  sections 
added  until  the  desired  length  is  obtained.  The 
form  is  then  filled  with  concrete.  Forms  may  be 
left  in  place  or  removed  for  reuse.  Where  only  a 
section  of  the  pile  is  to  be  encased  in  concrete 
and  the  forms  do  not  extend  to  the  mud  line, 
the  lowest  section  of  the  forms  must  be  closed 
to  hold  the  concrete  or  aggregate  and  grout  in 
place.  Pressure-applied  concrete  may  be  used  to 
make  sectional  forms.  These  are  built  upon 
cylinders  of  expanded*metal  laths  shaped  to  fit 
around  the  pile.  Wire-mesh  reinforcement  may 
be  used  outside  of  the  metal  lath  where 
additional  strength  is  required.  Pressur^applied 
concrete  is  used  to  make  a  sectional  form  1  or  2 
inches  thick,  and  flie  concrete  is  allowed  to  set. 
This  form  is  then  dropped  into  place  and  filled 
with  concrete. 


SHEET  PILES 


Sheet  piles  are  special  shapes  of  interlocking 
piles  made  of  steel,  wood,  or  formed  concrete. 
They  are  Widely  used  to  form  a  continuous  wall 
to  resist  horizontal  pressures  resulting  from 
earth  or  water  loads.  Examples  include  retaining 
walls,  cutoff  walls,  trench  sheathing,  cofferdams, 
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Figure  16-30— Fabricated  tongue-* nd -groove  timber 
sheet  piling. 


and  bulkheads  in  wharves,  docks,  or  other 
waterfront  structures.  Cofferdams  exclude  water 
and  earth  from  an  excavation  so  that 
construction  can  proceed  easily.  Cutoff  walls  are 
built  beneath  water-retaining  structures  to  retard 
the  flow  of  water  through  the  foundation. 

Sheet  piles  may  also  be  used  in  the 
construction  of  piers  for  bridges  and  left  in 
place.  Here,  steel-sheet  piles  are  driven  to  form  a 
square  or  rectangular  enclosure.  The  material 
inside  is  then  excavated  to  the  desired  depth  and 
replaced  Ortth  concrete. 

Fabricated  Timber-Sheet  Piles 

When  timber  is  abundant  in  a  theater  of 
operations  and  the  supply  of  steel-sheet  piles  is 
limited,  timber-sheet  piling  may  be  fabricated  to 
resist  light  lateral  pressures.  Where  marine  borers 
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Figure  1G-40,— Timber -iheet  piling  fabricated  from  planking. 
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Figure  1&42.-Timbar-sheet  piling  fabricated  from  heavy  timbers. 


are  active  or  the  structures  are  permanent  rather 
than  temporary,  the  timber-sheet  piling  b 
creosoted.  Tongue-and-groove  piling  of  single 
thickness  (fig.  16-39)  is  used  where  only  earth 
pressures  are  involved,  such  as  in  excavating  a 
trench  above  the  water  table-  For  heavy  lateral 
pressures  and  water  tightness,  other  types  of 
fabricated  timber-sheet  piling  are  used.  See 
figures  16-40,  16-41,  and  16^2. 


Steel-Sheet  Piles 

The  edges  of  steel-sheet  piles  are  called 
INTERLOCKS,  because  they  are  shaped  for 
locking  the  piles  together  edge  to  edge.  The  part 
of  the  Pile  between  the  interlocks  is  called  the 
WEB.  Piles  are  manufactured  in  five  standard 
section  shapes:  STRAIGHT  WEB  (fig.  16^3), 
ARCH  (fig.  16^44),  DEEP  ARCH  (fig-  16^5), 
Z-SECTION,  and  CORNER-SECTION.  Sections 
vary  slightly  in  shape  with  different 
manufacturers,  each  of  which  has  a  particular 
letter  and  number  symbol. 


Concrete-Sheet  Piles 


133,307  Concrete-sheet  piles  are  reinforced  precast 

Figure  16-43.- Standard  straight-web  stsel'iheat  pile       concrete  piles  of  rectangular  cross  section,  with 
flection  type  SA-23}.  tongue*and-groove   interlocks.    A  working 
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Figure   16-46. -Standard   detp*rch  fteel-theet  pllt 
fwctfon  typeDA*27). 
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Figure  1 6-44,— Standard  iturilowarch  rtwi-theet  pile 
(section  type  AP-3K 


drawing  for  a  concrete-sheet  pile  is  shown  in 
figure  16-46. 

fSheet  Piling  Repair 

Local  damage  or  holes  can  be  repaired  by 
welding  on  plates  or  sections  of  steel-sheet 
piling.  Wooden  plugs  can  be  used  to  fill  small 
holes. 

Sometimes,  damaged  sheet  piling  can  be 
*  protected  with  a  concrete  facing.  All  rust,  scale, 
and  marine  growth  are  removed  before  the 
concrete  is  placed.  When  applied  to  the  exposed 


exterior  face  of  the  piling,  concrete  should  be  at 
least  6  inches  thick  and  extend  well  beyond  the 
area  of  corrosion  damage,  or  deterioration. 
Forms  shculd  be  made  of  wood  and  supported 
in  place  with  zinc-coated  stud  bolts  that  are 
welded  to  the  sheet  piling. 


PILE-DRIVING  EQUIPMENT 

Under  normal  operating  conditions,  piles  are 
driven  with  a  steel-frames  skid-mounted 
piledriver  or  a  craue-shovel  rigged  with  standard 
pile-driving  attachments.  A  piledriver  supports 
the  leads  (hammer  guides),  raises  the  pile  in  the 
leads,  and  operates  the  hammer,  which  delivers 
the  driving  force.  The  leads  support  and  aline 
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the  pile  during  driving  and  control  the  lateral 
motion  of  the  hammer.  Other  equipment  is 
needed  tq  handle  stockpiled  piling  and  to 
straighten,  cut,  cap,  or  brace  the  piles.  Under 
special  driving  conditions,  additional  support 
equipment1  may  be  required. 

The  principal  types  of  pile-driving  hammers 
used  by  SEABEES  are  the  DROP  HAMMER,  the 
SINGLE*  or  DOUBLE-ACTING  PNEUMATIC 
HAMMER,  and  the  DIESEL  HAMMER. 


DROP  HAMMER 


The  drop  hammer  is  usually  a  block  of  steel 
that  is  set  into  the  leads,  raised,  and  then 
dropped  onto  the  pile.  Hammer  weights  range 
from  1 500  to  12,000  pounds,  depending  on  the 
type  of  piles  being  driven.  The  hammer  should 
weigh  1  1/2  to  2  times  as  much  as  the  pile  and 
fall  a  distance  of  6  to  1 5  feet.  Fifteen  to  twenty 
hammer  blows  are  struck  per  minute.  A  driving 
cap  is  installed  on  most  hammers  to  keep  the 
pile  from  brooming.  The  driving  cap  is  a  block 
of  steel  that  slips  over  the  head  of  a  pile.  The 
hammer  falls  onto  a  biock  of  wood  that  fits  irito 
the  ton  of  the  driving  cap,  as  shown  in  figure 
1647. 
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Figure  1fr47*— Cap  for  driving  timber  pile*  by  drop 
hammer. 
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SINGLE-ACTING 
PNEUMATIC  HAMMER 

A  single*acting  pneumatic  hammer  consists 
of  a  stationary  cylinder  and  a  moving  part  (the 
ram)  which  includes  the  pision  and  striking  lead. 
The  piston  Is  raised  by  air  or  steam  pressure  and 
falls  by  gravity  through  a  distance  of  32  to  36 
inches.  Fifty  to  eighty  blows  are  struck  per 
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Figure  1 6-48,-Stum  or  pragmatic  pitehammert. 
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minute.  Ram  weights  range  from  3000  to 
14,000  pounds.  See  figure  16-48. 


DOUBLE-ACTING 
PNEUMATIC  HAMMER 


In  a  double-acting  pneumatic  hammer,  the 
ram  is  raised  by  air  or  steam  pressure  and  also 
forced  down  by  pressure.  Ram  weights  vary 
from  5000  to  10,000  pounds.  Between  80  and 
550  blows  are.  struck  per  minute;  each  stroke 


travels  less  than  2  feet.  The  operating  pressure 
for  pneutnatic  hammer  is  about  lOOpsi.  Air  or 
steam  is  fed  through  a  2-inch  hose  at  a  rate  of 
100  to  600  cfm  (cubic  feet  per  minute),  A 
double-acting  hammer  is  generally  used  to  drive 
light  or  average  weight  piles  into  soils  of  aycrage 
density  because  the  rapidity  of  blows  tend  to 
keep  the  pile  in  motion  and  thereby  induce  the 
effects  of  friction.  Because  of  its  lighter  ram  and 
shorter  strokes,  the  double-acting  hammer  is 
faster  than  the  single-acting  hammer.  The 
pile-driving  rigs  shown  in  figures  16-49  and 
16-50  are  equipped  with  pneumatic  hammers. 
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Figure  10*50.- Pneumatic  pttedrlvar  In  operation  on  a  barge, 
16-31 
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DIESEL  HAMMER 


The  diesel  hammer  works  about  twice  as  fast 
as  a  conventional  pneumatic  hammer  of 
comparable  size  and  weight.  A  self-contained 
unit,  the  diesel  hammer  is  constructed  in  sizes 
capable  of  delivering  up  to  22,400  foot-pounds 
of  energy  per  Wow. 

The  McfCiernan-Terry  pilehammer  illustrated 
in  figure  16-51  is  made  up  of  a  cylinder, 
ram-piston,  fuel  pump,  built-in  fuel  tank  that 
holds  supplies  for  three  days,  and  an  inertia  oil 
pump  that  mechanically  lubricates  during 
operation. 
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Figure  16-51t-Dfeiel  hammer. 


-  PILE-DRIVING  OPERATIONS 


The  piledriver  must  be  securely  ballasted, 
guyed,  anchored,  or  otherwise  fastened  in  place 
to  avoid  a  shift  of  position.  If  the  piledriver 
shifts  during  driving,  the  blows  of  the  hammer 
will  be  out  of  line  with  the  axis  of  the  pile  and 
both  the  pile  and  the  hammer  wilj  be  damaged. 

The  pile  should  be  carefully  watched  for  any 
indication  of  a  split  or  break  below  ground.  If 
driving  suddenly  becomes  easier,  or  if  the  pile 
suddenly  changes  direction,  a  break  or  split  has 
probably  occurred.  When  this  happens,  further 
driving  is  useless. 

Pile-driving  leads  senre  as  tracks  along  which 
the  hammer  runs  and  as  guides  for  positioning 
arj£l  steadying  the  pile  before  it  is  driven.  See 
figure  16-51  Leads  can  be  constructed  of  either 
wood  or  steeh  Figure  16-53  illustrates  the 
assembly  of  sections  of  steel  leads.  Adapters 
connect  the  leads  of  the  piledriver  to  the  poiift 
of  the  crane  boom,  as  shown  in  figure  16-54.  All 
leads  and  adapters  have  a  standard  bolt-hole 
layout.  Sheaves  are  attached  to  the  point  of  the 
crane  boom  and  cables  run  from  the  crane 
through  the  sheaves  for  lifting  the  hammer  and 
piling.  The  lead  sections  are  assembled  on  the 
ground  and  attached  to  the  crane  boom,  as 
shown  in  figure  16-55.  The  leads  are  then  raised 
by  topping  up  the  boom,  as  shown  in  figure 
16-56,  Booms  or  leads  must  NOT  be  brought 
into  contact  with  overhead  high-tension  wires. 

A  ladder  is  attached  to  the  back  of  the  leads. 
Crewmembers  work  from  this  ladder  whgn 
guiding  the  piles  into  place  and  unhooking  the 
cable  from  the  piles.  The  foot  of  the  leads  is 
braced  with  a  telescoping  catwalk  (fig.  16-57), 
connected  to  the  base  of  the  boom.  The  hammer 
and  pile  cap  are  then  placed  in  the  leads,  as 
shown  in  figures  16*58  and  16-59*  respectively. 
The  length  of  the  catwalk  and  the  angle  of  the 
boom  are  varied  so  the  leads  can  be  held  in  a 
vertical  position  for  driving  bearing  piles  or 
sloped  for  driving  batter  piles.  On  a  ski<i  rig  or 
barge,  a  slightly  curved  beam  (called  moonbeam) 
is  placed  transversely  at  the  forward  end  of  the 
skid  frame  to  regulate  side  batter,  as  shown  in 
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Figure  18-52.-^10  positioning  befor*  driving. 
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Figure  16-53. -Assembly  of  10-  and  20-ft  lead  sectfoni. 


figure  16-60.  Each  rig  working  over  the  water 
must  be  equipped  with  lifelines  and  life 
preservers. 

The  signalman  is  the  boss  of  the  rig  and 
normally  the  only  person  giving  signals  to  the 
operator  of  the  rig  and  valve  operator.  The  only 
signal  any  other  person  may  give  that  the 
operator  will  obey  is  the  EMERGENCY  STOP 
SIGNAL.  Working  on  the  lead  ladder,  the 
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Figure  1 0-54.— Crane-sho  vol  adapter t  bolted  to  rtandard 
tads. 
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Figure  18-55. -Lead*  on  ground  and  attached  to  boom 
with  adapter. 


loftman  guides  the  pile  under  the  hammer  and 
into  the  leads  and  unhooks  the  line  from  the 
pile.  The  loftman  also  helps  on  the  ground 
around  the  rig.  The  hoisting  engineer. runs  the 
crane  or  the  winches  in  lifting  piles  and  the 
hammer.  The  valve  operator  controls  the  air  or 
steam  for  the  hammer.  The  hook-on 
crewmember  hooks  the  line  onto  the  piling  to  be 
driven,  chamfers  and  points  all  the  piling  to  be 
used,  and  helps  set  the  p'le  into  the  leads. 
Everybody  must  be  careful  NOT  to  place  parts 
of  the  body  under  a  suspended  hammer  unless  it 
is  dogged  or  blocked  in  the  leads. 

After  the  first  bent  is  driven,  piles  in 
subsequent  bents  may  be  located  by  the  use  of  a 
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Figure  1 8-66,— Raiting  lea  dt  with  boom. 
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Figure  16-57.— Catwalk  attached  to  foot  of  boom  and 
leads. 


floating  TEMPLATE  like  the  one  shown  in 
figure  16-61.  Pairs  of  BATTENS,  spaced  in 
accordance  with  the  specified  spacing  between 
piles  in  a  bent,  are  nailed  across  a  pair  of 
timbers,  spaced  in  accordance  with  the  specified 
spacing  between  bents.  The  parts  of  each  batten 
lying  beyond  the  timbers  are  hinged  for  raising. 
Thj  template  is  lashed  to  the  outer  r  s  to  the 
bent  already  driven  by  means  of  a  pair  of  wire 
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Figure  1 6-58,— Placing  hammer  in  leads. 
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Figure  16-5 9. -Placing  pile  cap  in  leads. 


ropes,  equipped  with  turnbuckles  as  shown. 
After  the  piles  in  the  new  bent  are  driven,  tlie 
hinged  parts  of  the  battens  are  raised,  the  wire 
ropes  are  let  go,  and  the  template  is  floated  out 
from  between  the  bents. 
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Figure  18-60.-St  eel-frame,  skid-Dounted  piledriver. 
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Figure  16-61,— Floating  template  for  potitionfng  pilet. 


Piles  can  be  driven  either  tip  or  butt  do^vn, 
they  may  be  driven  butt  first  if  a  large  bearing 
area  is  required  or  if  the  pile  is  to  resist  an 
upward  force. 

When  a  pile  driver  is  not  in  use,  the  hammer 
must  be  held  in  place  at  the  bottom  of  the  leads 
by  a  cleat  or  a  timber  fastened  to  the  leads. 

The  main  working  platfornron  a  piie  driver 
must  be  kept  clear  of  lumber,  *opcs,  tools, 
debris,  and  all  other  unnecessary  obstructions. 

When  handling  piles,  crewmembers  must 
wear  heavy  gloves,  safety  shoes,  and  hard  hats. 
Also  goggles  and  protective  cream  on  exposed 
skin,  if  the  piles  are  creosoted-  And  respirators, 
if  the  working  area  is  confined.  While  working 
over  the  water,  crewmembers  must  wear 
lifevests.  Those  who  point  piles  with  axes  must 
wear  guards  to  protect  their  shins  and  feet, 

DRIVING  BEARING  PILES 

When  bearing  piles  are  driven  on  land,  the 
position  of  each  pile  is  usually  located  by  the 
Engineering  Aid  and  marked  with  a  stake.  The 
positions  of  a  series  of  pile  bents  drive-,  in  water 
are  located  by  means  of  a  wire  rope  long  enough 
to  stretch  between  the  abutments.  This  rope  is 
marked  with  pieces  of  tape,  each  spaced  in 
accordance  with  the  distance  between  bents. 


There  are  four  nutfor  steps  in  driving  a 
bearing  piie  with  a  drop-hammer  rig.  In  step  1, 
the  piledriver  is  brought  into  position  over  the 
pile  location,  and  the  hammer  and  cap  are  run 
up  to  the  top  of  the  leads.  In  step  2,  the  hoist 
line  is  attached  to  a  choker  line  which  is  placed 
near  the  top  of  the  pile.  The  pile  is  raised  into 
the  leads.  (See  fig.  16-62.)  The  tip  of  the  pile  is 
placed  in  the  proper  position.  A  member  of  the 
pile  crew  can  climb  the  leads  and  use  a  tag  line 
to  help  aline  the  pile  in  the  leads,  (See  fig. 
16-52.)  In  step  3,  the  hammer  and  cap  are 
lowered  onto  the  top  of  the  pile,  and  the  csp  is 
detached  from  the  hammer.  In  step  4,  the 
hammer  is  raised  then  dropped  to  drive  the  pile. 

Driving  should  be  started  slowly  with  a  drop 
"hammer;  the  hammfer  should  be  raised  only  a 
few  inches  until  the  pile  is  firmly  set.  The  height 
of  the  drop  should  then  be  gradually  increased 
to  a  maximum  of  10  or  IS  ft.  Blows  should  be 
applied  as  rapidly  as  possible,  to  keep  the  pile 
moving  and  prevent  resistance  caused  by  inertia 
and  friction. 

With  the  pneumatic  hammer  the  first  blows 
should  be  given  under  reduced  pressure,  until 
the  pile  is  firmly  set.  Pressure  should  then  be 
gradually  increased  to  the  maximum, 

DRIVING  BATTER  PILES 

The  prescribed  angle  for  a  batter  pile  is 
indicated  on  working  drawings  as  shown  in 
figure  16-63.  The  angle  is  obtained  by  setting 
the  leads  On  a  crane  rig,  the  leads  are  set  by 
adjusting  the  length  of  the  catwalk.  On  a 
steel-frame,  skid-mounted  rig,  the  leads  are  set 
by  adjusting  the  length  of  the  fore  batter  guide, 
position  of  the  leads  on  the  moonbeam,  or  both, 

A  certain  amount  of  figuring  is  required, 
both  for  setting  the  leads  and  for  locating  the 
point  of  penetration  of  the  pile.  Here  is  a  sample 
lead*setting  problem.  Suppose  the  leads  are  65  ft 
high  and  must  be  set  for  a  l-in-12  batter.  How 
far  must  the  foot  of  the  leads  be  offset  from  the 
vertical  position  to  get  the  required  batter? 

In  this  case,  the  batter  indicates  a  unit  of  run 
of  1  for  every  12  units  of  rise.  The  total  rise  of 
the  k ads  is  the  height  of  the  leads,  or  65  ft.  The 
total  run  of  the  leads  must  be  oft^t  from  the 
vertical  position  by  a  distance  equal  to  the  value 
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Figure  16-62.~-Pile  being  raited  into  petition, 


of  x  in  the  proportional  equation  l:12::x:65  ft 
or5  5/12ft,or5ft5iiu 

The  problem  of  locating  the  point  of 
penetration  of  a  batter  pile  is  illustrated  in  figure 
16-64*  The  working  drawings  show  the  location 
of  the  head  of  the  pile  and  the  vertical  distance 
of  the  top  of  the  pile  above  the  ground  line  after 
flie  pile  is  driven.  For  a  given  batter,  the  point  of 
penetration  6f  the  pile  will  be  a  given  distance 
away  from  a  point  on  the  ground  directly  below 
the  location  of  the  head  of  the  pile.  Suppose  the 
batter  is  again  1  in  12  and  the  vertical  distance 


of  the  top  of  the  driven  pile  above  the  ground 
line  is  36  ft  The  distance  between  the  point  of 
penetration  of  the  pile  and  a  point  on  the 
ground  directly  below  the  location  of  the  head 
of  the  pile  must  therefore  be  the  value  of  x  in 
the  proportional  equation  1: 12::x:36  ft  or  3  ft 

DRIVING  SHEET  PILES 

Sheet  piles  are  frequently  driven  without 
leads,  as  shown  in  figure  16-65,  A  F1Y1NG 
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Figure  16-63  -Batter  angle  of  a  pile. 
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Figure  16-64. -Locating  point  of  penetration  for  a  batter 
pile. 
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Figure  16-65-— D riving  sheet  pilot  with  flying  hammer. 


hammer  is  used*  NOT  the  drop  hammer-  The  cap 
of  the  hammer  is  equipped  with  a  device  which 
fits  over  the  top  of  the  pile.  The  crane  operator 
slacks  the  hammer  hoist  line  just  enough  to  keep 
the  hammer  in  contact  with  the  pile  as  the  pile 
goes  down. 

When  driven  with  a  flying  hammer*  sheet 
piles  are  held  upright  by  one  or  more  pairs  of 
elevated  wales,  supported  by  a  braced 
framework  of  studs*  The  wales  also  guide  the 
alinement  of  the  piles.  For  piles  driven  in  deep 
water,  a  system  of  floating  wales  is  used. 

Steel  sheet  piles  must  be  locked  together  as 
they  are  driven.  After,  the  first  pile  is  driven,  or 
set  in  place  for  driving,  the  next  pile  must  be 
hoisted  high  enough  to  bring  its  foot  level  witlf 
the  head  of  the  pile  already  in  place,  A 
crewmember  on  the  head  of  the  first  pile  guides 
the  interlock  on  the  second  pile  into  the 
interlock  on  the  first  This  crewmember,  who  is 
hoisted  to  the  top  of  the  pile  by  the  pile  whip,  is 
supported  by  a  steel  STIRRUP  which  straddles 
the  top  of  the  pile. 
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When  arch  or  decp-arch-steel  sheet  piles  are 
driven  with  the  arch  webs  all  extending  in  the 
same  direction,  the  piles  are  said  to  be  driven 
WEBS  IN  LINE.  When  the  piles  arc  dnven  with 
arch  webs  extending  alternately  in  opposite 
directions,  they  are  said  to  be  driven  WEBS 
REVERSED,  In  interlocking,  the  BALL  on  the 
interlock  of  one  pile  fits  into  the  SOCKET  on 
the  interlock  of  the  adjoining  pile.  In  driving, 
the  BALL  pile  is  driven  first  and  the  socket  pile 
is  fitted  to  it;  this  is  called  driving  the  piles 
BALL-END  LEADING,  if  the  socket  pile  were 
driven  first,  the  socket  would  fill  up  the  soil 
which  would  compact  under  the  ball  on  the  ball 
pile.  This  could  create  enough  pressure  to  force 
open  the  socket 

Springing  and  Bouncing 

SPRINGING  means  an  excessive  lateral 
vibration  of  the  pile*  It  occurs  when  the  pile  is 
crooked,  or  when  the  butt  is  not  square,  or  when 
the  axis  of  the  pile  is  not  in  line  with  the 
direction  of  fall  of  the  hammer  or  ram*  When 
the  pile  is  out  of  line  with  the  hammer,  the  head 
of  the  pile  may  be  damaged  severely,  the 
hammer  may  be  damaged  as  well,  and  a  great 
deal  of  force  of  the  hammer  blow  will  be  lost 

Excessive  BOUNCING  of  the  hammer  may 
be  caused  if  the  hammer  is  too  light  It  is  usually 
caused,  however,  by  a  crushed  or  BROOMED 
head  on  a  timber  pile,  or  when  the  tip  or  foot  of 
the  pile  has  met  an  underground  obstruction, 
such  as  a  rock  or  a  layer  of  extra-dense  soil  If 
the  butt  of  a  timber  plate  has  been  crushed  or 
broomed  for  more  than  an  inch  or  so,  it  should 
be  cut  back  to  solid  wood  before  driving  is 
continued, 

With  a  double-action  hammer,  excessive 
bouncing  may  be  caused  when  the  steam  or  air 
pressure  js  too  high. 

Obstruction  and  Refusal 

When  a  pile  has  reached  a  level  where  6 
blows  of  a  drop  hammer  or  20  blows  of  a  steam 
or  air  hammer  will  not  drive  it  more  than  an 
average  of  1/8  in*  per  blow,  the  pi!e  has  either 
encountered  an  obstruction  or  it  has  been  driven 
to  REFUSAL.  In  either  case,  further  driving  is 
likely  to  break  or  split  the  pile.  If  the  lack  of 
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penetration  seems  to  be  caused  by  an 
obstruction,  10  or  IS  blows  of  less  than 
maximum  force  may  be  tried,  in  the  hope  that 
they  may  cause  the  pi!e  to  displace  or  penetrate 
the  obstruction.  For  obstructions  which  cannot 
be  disposed  of  in  this  manner,  it  is  often 
necessary  to  PULL  (eKtract)  the  pile  and  blast 
out  the  obstruction  with  an  explosive  lowered  to 
the  bottom  of  the  hole* 

When  a  pile  has  been  driven  to  a  depth 
where  further  penetration  is  prevented  by 
friction,  the  pile  has  been  driven  to  refusal*  A 
pile  wiiich  is  intended  to  be  supported  by  skin 
friciion  alone  is  called  a  FRICTION  pile*  A  pile 
which  is  intended  to  be  supported  by  bedrock  or 
an  extra-dense  layer  of  soil  at  the  tip  is  called  an 
END-BEAR1NG  pile.  A  pile  which  is  intended  to 
be  supported  partly  by  skin  friction  and  partly 
by  *i  substratum  of  extra-dense  soil  at  the  tip  is 
called  a  COMBINATION  END-BEARING  AND 
FRICTION  pile* 

It  is  not  always  necessary  to  drive  a  friction 
pile  to  refusal:  such  a  pile  needs  to  be  driven 
only  to  the  depth  where  friction  develops  the 
required  load-bearing  capacity* 

PULLING  PILES 

A  pile  which  has  met  an  obstruction,  or 
which  has  been  driven  in  the  wrong  plact,  or 
which  has  split  or  broken  in  driving,  or  which  is 
to  be  salvaged  (steel  sheet  piles  are  frequently 
salvaged  for  reuse)  is  usually  PULLED 
(extracted).  Pulling  should  be  done  as  soon  as 
possible  after  driving;  the  longer  the  pile  stays  in 
the  soil,  the  more  compact  the  soil  becomes*  and 
the  greater  the  resistance  to  pulling  will  be* 
Methods  of  pulling  piles  arc  described  below* 

In  the  DIRECT  LIFT  method*  a  crane  is 
used  to  pull  th^  pile.  The  crane  whip  js  slung  to 
the  pile  and  a  gradually  increased  pull  is  applied, 
up  to  just  a  iittlc  less  than  the  amount  which  is 
expected  to  start  iU  Lateral  Wows  from  a 
SKULL  CRACKER  (heavy  steel  ball,  swung  on  a 
crane  whip  to  demolish  walls),  or  a  few  light 
blows  on  the  butt  or  head  with  a  driving 
hammer*  are  given  to  break  the  *kin  friction,  and 
the  crane  pull  is  then  increasid  to  maximum 
capacity* 
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Th  e  5000-pound  double-acting  hammer, 
shown  in  figure  16-66  may  be  used  in  an 
inverted  position  to  pull  piles.  The  hammer  is 
turned  over  and  a  wiie  rope  sling  is  passed  over 
it  and  attached  to  the  pile*  After  the  hammer 
whip  is  heaved  taut,  upward  blows  of  the  ram  on 
the  sling,  plus  the  pull  of  the  hammer  whip  are 
usually  enough  to  pull  the  pile, 

TIDAL  UFT  is  often  used  to  pull  piles 
driven  in  tidewater*  Slings  on  the  piles  are 
attached  to  barges  or  pontoons  at  low  tide;  the 
rising  tide  pulls  the  piles  as  it  lifts  the  barges  or 
pontoons* 

PLACING  PILES  BY  JETTING 

Pile  penetration  is  often  made  easier  by 
JETTINCj*  or  forcing  water  under  pressure 
around^and  under  the  pile  to  lubricate  and/or 
displace  the  surrounding  soil  as  shown  in  figure 
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Figure  16*67.-Jetting  with  a  tingle  jet  pipe. 


16-67*  Jetting  equipment  consists  of  a  water 
pump,  a  length  of  flexible  hose,  and  a  metal  JET 
PIPE;  jet  pipes  run  from  2  1/2  to  3  1/2  inches  in 
diameter. 


177414 

Rgurt         -Wire-rope  flirt?  used  with  5,0001b  air 
steam  hammer  to  pull  pifei. 


A  single  jet  pipe  is  used  as  follows.  The  pile 
is  set  in  position,  with  the  hammer  resting  on  it 
for  extra  weight,  and  the  jet  pipe  is  manipulated 
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to  loosen  and  wash  away  the  soil  from  under  the 
tip  as  shown  in  figure  16-67,  As  the  soil  is 
washed  away,  the  pile  sinks  under  its  own 
weight  and  that  of  the  hammer,  A  few  hammer 
blows  are  struck  occasionally  to  keep  the  pile 
moving  downward*  When  it  is  within  a  few  feet 
of  the  desired  final  position,  the  jet  pipe  is 


withdrawn  and  the  pile  is  driven  the  rest  of  the 
way  with  the  hammer. 

The  action  of  a  single  jet  pipe  on  one  side  of 
a  pile  tends  to  send  the  pile  out  of  plumb. 
Whenever  possible,  two  pipes  should  be  used, 
lashed  to  the  pile  on  opposite  sides,  as  shown  in 
figure  16-68, 
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Figure  16-68, -Jetting  with  two  jet  pipes, 
1641 
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Figure  16~69.-Straighisning  e  pile  by  8  strain  on  a  line  to 
a  winch. 


once.  A  strain  taken  with  a  block  and  tackle  or 
with  a  line  or  wire  to  a  winch,  as  shown  in  figure 
16-69,  may  be  sufficient;  with  a  strong  strain 
taken  on  the  pile,  the  blows  of  the  hammer  may 
jar  it  back  into  line.  A  jet  pipe  may  be  used  to 
straighten  piles. 


TIMBER  PIER  CONSTRUCTION 

Working  drawings  for  advanced  base  timber 
piers  are  contained  in  Volume  I,  Facilities 
Planning  Guide,  NAVFAC  1M37.  The  size  of  a 
pier  is  designated  by  its  widfii^the  width  being 
equal  to  the  length  of  a  bearing-pile  cap.  Figure 
16-70  shows  a  general  plan,  figure  16-71  a  part 
plan*  and  figure  16-72  a  cross  section  for  a 
40-foot  pier.  The  drawings  include  a  bill  of 
materials,  showing  the  dimensions  and  locations 
of  all  structural  members,  drift  pins,  bolts, 
hardware,  and  the  like.  Figure  16-70  and  16-71 
are  parts  of  NAVFAC  Drawing  No.  6028173, 
whereas  figure  16-72  is  a  part  of  NAVFAC 
Drawing  No.  6028174, 


STRAIGHTENING  PILES 

A  pile  should  be  watched  closely  for 
misalinement  during  driving,  and  any  pfle  which 
drifts  out  of  alinement  should  be  straightened  at 
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Each  part  of  a  pier  lying  between  adjacent 
pile  bents  is  called  a  BAY,  and  the  length  of  a 
bay  is  equal  to  .the  oncenter  spacing  of  the 
bents.  The  general  plan  shows  that  the  advanced 
ba^e  40-foot  timber  pier  consists  of  one  1 3-foot 
^QUTBOARD  bay,  one  13-foot  INBOARD  bay, 
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Figure  16-70. -Gtnerat  plan  of  advanced  base  40-ft-timber  pier. 
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Figure  16*71.-Part  plan  of  an  advanced  base  timber  pier. 
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and  as  many  12-foot  interior  bays  as  desired  to 
suit  requirements. 

The  cross  section  shows  that  each  bent, 
consists  of  six  bearing  piles.  The  bearing  piles  are 
braced  transversely  by  diagonal  braces. 
Additional  transverse  bracing  for  each  bent  is 
provided  by  a  pair  of  batter  piles.  The  batter 
angle  is  specified  as  5  in  12.  One  pile  of  each 
pair  is  driven  on  either  side  of  the  bent,  as 
shown  in  the  general  plan.  The  butts  of  the 
batter  piles  are  joined  to  12-incjxby  12-inch  by 
14-foot  longitudinal  batter-pile  caps,  each  of 
which  is  bolted  to-  the  undersides  of  two 
adjacent  bearing*pile  caps  with  bolts,  in  the 
positions  showr  in  the  part  plan.  The  batter-pile 
caps  are  placed  3  feet  inboard  of  the  centerlines 
of  the  outside  bearing  piles  in  the  bent  They  are 


backed  by  6-  by  14-inch  batter-pile  cap  blocks, 
each  of  which  is  bolted  to  a  bearing-piie  cap. 
Longitudinal  bracing  between  bents  consists  of 
14-foot  lengths  of  3  by  10  planks,  bolted  to  the 
bearing  piles. 

The  superstructure  consists  of  a  single  layer 
of  4  by  12  planks  laid  on  19  inside  stringers 
measuring  6  inches  by  14  inches  by  14  feet,  The 
INSIDE  STRINGERS  are  fastened  to  the  pile 
caps  with  drift  bolts,  The  OUTSIDE 
STRINGERS  are  fastened  to  the  pile  caps  with 
bolts,  The  deck  planks  are  fastened  to  the 
stringers  with  3/8-  by  8-inch  spikes.  After  the 
deck  is  laid,  12-foot  lengths  of  8  by  10  are  laid 
over  the  outside  stringers  to  form  the 
CURBING.  The  lengths  of  curbing  are 
distributed  as  shown  in  the  genera]  plan.  The 
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Figure  1672,-Cron  toction  of  advanced  base  timber  pier. 
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curbing  is  bolted  to  the  outside  stringers  with 
bolts;  it  is  interrupted  at  the  CLEATS. 

The  pier  is  equipped  with  a  FENDER 
SYSTEM  for  protection  against  Shock  caused  by 
contact  with  vessels  coming  or  lying  alongside. 
FENDER  piles,  spaced  as  shown  in  the  part 
yianp  are  driven  along  both  sides  of  the  pier  and 
bolted  to  the  outside  stringers  with  bolts.  The 
heads  of  these  bolts  are  countersunk  below  the 
surfaces  of  the  pUes.  An  8  by  10  FENDER 
WALE  is  bolted  to  the  backs  of  the  fender  piles 
with  bolts*  Lengths  of  8  by  10  called  FENDER 
PILE  CHOCKS  are  cut  to  fit  between  the  pUes 
and  boJted  to  the  outside  stringers  and  the 


fender  wales*  The  spacing  for  these  belts  is 
shown  in  the  part  plan,  As  indicated  in  tht 
general  plan,  the  fender  system  also  includes  two 
14-pUe  DOLPHINS,  located  15  feet  beyond  the 
end  of  the  pier.  A  dolphin  is  an  isolated  cluster 
of  piles,  constructed  as  shown  in  figure  16-73.  A 
similar  cluster  attached  to  a  pier  is  called  a  PILE 
CLUSTER. 


WATERFRONT  STRUCTURES 

Waterfront  structures  are  broadly  divided 
into    three    main    categories:    (I)  offshore 
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structures,  like  breakwaters  or  jetties,  designed 
to  create  a  sheltered  harbor,  (2)  alongshore 
structures,  like  seawalls,  designed  to  establish 
and  maintain  a  stable  shoreline,  and  (3) 
wharfage  structures  designed  to  make  it  possible 
far  vessels  to  lie  alongside  for  loading  or 
unloading. 


The  simplest  type  of  breakwater  or  jetty  is 
the  RUBBLE  MOUND  (also  called  ROCK 
MOUND)  shown  in  figure  16-74.  The  width  of 
its  CAP  may  vary  from  15  or  20  feet  to  70  feet 
The  width  of  its  base  depends  on  the  width  of 
the  cap,  height  of  the  structure,  and  slopes  of 
the  inner  and  outer  FACES. 


BREAKWATERS  AND  JETTIES 

Breakwaters  and  jetties  are  alike  in 
construction;  they  differ  mainly  in  function.  An 
offshore  barrier,  the  BREAKWATER  interrupts 
the  action  of  the  waves  of  the  open  sea  in  order 
to  create  an  area  of  calm  water  between  it  and 
the  shore*  The  JETTY  works  to  direct  and 
confine  a  current  or  tidal  flow  into  a  selected 
channel. 


Rubble-mound  breakwaters  or  jetties  are 
constructed  by  dumping  rock  from  either  scows 
or  rail  cars  that  run  on  temporary  pile-bent 
structures,  and  by  placing  upper  rock  and  cap 
rock  with  floating  cranes. 

For  a  deepwater  site  or  one  with  an  extreme 
range  between  high  and  low  tides,  a 
rubble-mound  breakwater  or  jetty  may  be 
topped  with  a  CAP  STRUCTURE  to  form  the 
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Figure  1S*74.-Rubtte-mound  breakwater/fatty. 
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COMPOSITE  type  shown  in  figure  16-75,  In  this 
case,  the  cap  structure  consists  of  a  series  of 
precast  concrete  boxes  called  CAISSONS,  each 
of  which  is  floated.over  its  final  location  and 
sunk  into  place  by  filling  with  rock.  A 
single-piece  concrete  cap  is  then  cast  in  place  on 
the  top  of  each  caisson.  Breakwaters  and  jetties 
are  sometimes  built  entirely  of  caissons,  as 
shown  in  figure  16-76.  A  jetty  may  also  be 
constructed  to  serve  as  a  wh  ufage  structure.  If 
so,  it  is  still  called  a  jetty. 

GROINS 

A  GROIN  is  built  like  a  breakwater  or  jett> 
and  extends  out  from  the  shore.  Again  they 


differ  mainly  in  function.  A  groin  is  used  where 
a  shoreline  is  in  danger  of  erosion  caused  by  a 
current  or  wave  action  running  obliquely  against 
or  parallel  to  the  shoreline*  The  groin  is  placed 
so  as  to  check  the  current  or  wave  action,  or  to 
deflect  it  away  from  the  shoreline. 

Groins  generally  consist  of  tight  sheet  piling 
of  creosoted  timber,  steel,  or  concrete,  braced 
with  wales  and  with  round  piles  of  considerable 
length.  The  groins  are  constructed  perpendicular 
to  the  direction  of  the  littoral  drift  and  follow 
the  general  slope  of  the  beach  from  above 
maximum  high  water  to  low  water.  Groins  are 
usually  built  with  their  tops  a  few  feet  above  the 
sloping  beach  surface  that  is  to  be  maintained  or 
restored. 
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Figure  16-75  .-Composite  breakwater/jetty. 
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Figure  1&76*-Caiwon  breakwater/Jetty. 
MOLES 

A  MOLE  is  a  breakwater  that  serves  as  a 
wharfage  structure.  Its  inner  or  harbor  face  must 
be  vertical  and  its  top  must  function  as  a 
deck* 

SEAWALLS 


Seawalls  vary  widely  in  details  of  design  and 
materials,  depending  on  the  severity  of  the 
exposure,  the  value  of  the  property  to  be 
protected,  and  other  considerations.  Basically 
they  consist  of  some  forn:  of  barrier  designed  to 
break  up  or  reflect  the  waves  and  a  deep,  tight 
cutoff  wall  to  preclude  washing  out  of  the  sand 
or  soil  behind  and  under  the  barrier.  The  cutoff 
wall  is  generally  of  timber,  steel,  or 
concrete-sheet  piling.  Figure  16-77  shows  a 
rubble-stone  seawall,  built  much  like  a 
rubblc-mound  breakwater.  Stone  which  is  used 
to  protect  a  shoreline  against  erosion*  however, 
is  called  RIPRAP-  Therefore,  a  rubble-stone 
seawall  is  called  a  RIPRAP  seawall. 

Various  types  of  casMn-place  concrete 
seawalls  are  the  VERTICAL-FACE,  the 
1NCL1NED-FACE,  the  CURVED-FACE,  the 
STEPPED-FACE,  and  the  COMBINATION 
CURVED-FACH  and  STEPPED-FACE*  Notet 
the  sea  or  harbor  bottom  along  the  TOE 
(bottom  of  the  outside  face)  of  a  seawall  is 
usually  protected  against  erosion  (caused  by  the 
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backpufl  of  receding  waves)  by  riprap  piled 
against  the  toe. 


BULKHEADS 


A  BULKHEAD  has  the  same  general  purpose 
as  a  seawall,  namely,  to  establish  and  maintain  a 
s  table  shoreline.  Whereas  the  seawall  is 
self-contained,  relative  tliick,  and  supported  by 
its  Qwn  weight,  the  bulkhead  is  a  relatively  thin 
wall  supported  by  a  series  of  TIE  WIRES  or  TIE 
RODS,  running  back  to  a  buried  ANCHORAGE. 
A  timber  bulkhead  for  a  bridge  abutment  is 
shown  in  figure  16-78.  It  is  made  of  wood 
SHEATHING  (square-edged,  single-layer 
planks),  laid  horizontally. 

Most  bulkheads,  however,  are  made  of  steel 
sheet  piles*  See  figure  16-79*  The  outer  ends  of 
the  tie  rods  are  anchored  to  a  steel  WALE  which 
runs  horizontally  along  the  outer  face  of  the 
bulkhead.  This  wale  is  usually  made  up  of  pairs 
of  steel  CHANNELS  bolted  together  back  to 
back.  (A  channel  is  a  structural  steel  member 
with  a  U-shaped  section.)  Sometimes  the  wale  is 
placed  on  the  inner  face  of  the  bulkhead  and  the 
piles  are  bolted  to  it* 

The  anchorage  shown  in  figure  16-79  is 
covered  by  backfill*  In  stable  soil  above  the 
ground  water  level,  the  anchorage  nay  consist 
simply  of  a  buried  timber,  a  coricrete  deadman, 
or  a  row  of  driven  and  buried  sheet  piles.  A 
more  substantial  anchorage  for  each  tie  rod  is 
used  below  the  ground  water  level*  Two 
common  types  of  anchorages  are  shown  in  figure 
16*80,  In  view  A,  fig.  16-80,  Ae  anchorage  for 
each  tie  rod  consists  of  a  timber  CAP,  supported 
by  a  batter  pile  which  is  bolted  to  a  bearing  pile. 
In  view  Bf  fig.  16-80*  the  anchorage  consists  of  a 
reinforced  concrete  cap,  supported  by  a  pair  of 
batter  piles.  As  indicated  in  the  figure,  tie  rods 
are  supported  by  pile^  located  midway  between 
the  anchorage  and  the  bulkhead. 

Bulkheads  are  constructed  from  working 
drawings  like  those  shown  in  figure  16-8K  The 
detail  'plan  for  the  bulkhead  shows  that  the 
anchorage  consists  of  a  row  of  sheet  piles  to 
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Figure  16-77  .-Riprap  *e*wall. 
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which  the  inner  ends  of  the  tie  rods  an; 
anchored  by  mean5  of  a  channel  wale. 

The  order  of  construction  sequences  is 
indicated  in  the  section.  The  shore  and  bottom 
are  first  excavated  to  the  level  of  the  long, 


sloping  dotted  line.  The  ^eet  piles  for  the 
bulkhead  and  the  anchorage  are  then  driven.  The 
supporting  piles  for  the  tie  rods  are  driven  next, 
after  which  the  tie  rods  between  the  bulkhead 
and  the  anchorage  are  set  in  place  and  the  wales 
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Figure  lG-78.-Ttmber  bulkhead  tor  bridge  abutment. 


tie  rods  are  then  set  to  bring  the  bulkhead 
plumb,  and  the  rest  of  the  backfill  is  worked  out 
to  the  bulkhead.  After  the  backfilling  is 
completed,  the  bottom  outside  the  bulkhead  is 
dredged  to  the  desired  dcpth-in  this  case,  30 
feet 


CONSTRUCTION  IN  THE  DRY 


When  construction  is  carried  on  below  the 
ground  water  level*  or  when  underwater 
structures  like  seawalls,  bridge  piers,  and  the  like 
are  erected*  it  is  usually  necessary  to  temporarily 
keep  the  water  out  of  the  construction  area. 
This  is  usually  done  through  the  use  of 
WELLPOINTS,  COFFERDAMS,  or  CAISSONS. 


are  bolted  on.  The  tie  rods  are  prestressed  lightly 
and  uniformly,  and  the  backfilling  then  begins. 

The  first  backfilling  operation  consists  of 
placing  fill  over  the  anchorage,  out  to  the  dotted 
line  shown  in  the  plan.  The  turnbuckles  on  the 


WELLPOINTS 


WELLPOINTS  are  long  pipes  which  are 
thrust  into  the  ground  down  to  the  elevation  te 
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Figure  167&-Con*trticted  rt»ef**he9t  pits  bulkhead. 
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Figure  16-80.— Two  types  of  tie-rod  anchorages  for  bulk- 
heads. 


which  tile  water  inu^t  be  excluded.  Tliey  are 
connected  to  each  other  by  a  pipeline  system 
which  heads  up  at  a  water  pump.  Wellpoint 
engineers  determine  the  ground  water  level  and 
the  direction  of  flow  of  the  ground  water,  and 
the  wellpoint  system  is  placed  so  as  to  cut  off 
the  flow  into  the  construction  area.  Wei ipoin tins 
requires  highly  specialized  personnel  and 
expensive  equipment. 


COFFERDAMS  AND  CAISSONS 


The  COFFERDAM  is  a  temporal}  structure 
usually  built  in  place  and  built  tight  enough  so 
that  the  water  can  be  pumped  qui  of  the 
structure  and  kept  out  while  construction  on  the 
foundations  is  in  progress.  Common  types  are 
the  earth  cofferdam,  the  steel-sheeting 
cofferdam,  the  cellular  type,  the  wooden- 
sheeting  coffeniam,  the  crib  type,  and 
the  framed  and  puddled  type.  Figure  16-82 
shows  a  cofferdam  under  construction. 

The  earth  cofferdam  is  built  by  dumping 
into  the  water  an  earth  fill,  shaped  so  that  it  will 
surround  the  construction  area  without 
encroaching  upon  it  Becauie  swiftly  moving 
currents  would  carry  the  material  away,  the  use 
of  earth  cofferdams  is  limited  to  sluggish 
waterways  where  the  velocities  do  not  exceed 
5  ft  per  second.  The  use  is  also  limited  to 
shallow  waters,  because  the  quantities  of 
material  required  in  deep  waters  would  be 
largely  due  So  the  flat  slopes  to  which  the  earth 


settles  when  deposited  in  the  water.  For  tliis 
Jatter  reason*  the  earth  type  is  commonly 
combined  with  another  type  such  as  sheeting  0r 
cribbing  to  reduce  ihe  quantities  of  earthwork. 
Steel  in  the  form  of  piles  or  pipes  is  commonly 
used  for  cofferdam  construction.  Steel  piling  is 
manufactured  in  many  interlocking  designs  and 
in  many  weights  and  shapes  for  varying  load 
conditions.  The  piling  is  driven  as  sheeting  in  a 
row  to  form  a  relatively  tight  structure 
surrounding  the  construction  area.  Tliis  pile  wall 
is  supported  in  several  ways,  it  may  be  built  in 
sliapt!  of  small  arches,  the  abutments  of  which 
are  supported  by  crossmembers;  it  may  be 
supported  by  a  framework  of  stringers  and 
struts,  the  cofferdam  wall  might  consist  of  a 
double  row  of  piles  tied  together  with  heavy 
steel  ties  and  filled  with  earth,  and  then  tliis 
would  be  built  in  a  square  rectangular,  circular 
or  oval  shape  for  stability  around  the 
construction  area.  Wooden  sheeting  in  lieu  of 
steel  is  similarly  usted  in  cofferdam 
constructions.  Interlocking  timber  sheeting  is 
one  of  the  many  types  used.  The  timber  sheeting 
is  driven  as  a  single  wall  and  supported  by 
stringers  and  cross  struts  between  walls;  or  it  is 
driven  in  double  rows  as  a  wall, .the  sheeting  in 
each  row  being  connected  and  tied  with  braces 
and  the  space  between  being  filled  with  a 
watertight  puddle.  Wooden  or  concrete  cribbing 
may  be  used  in  cofferdam  construction,  by 
building  them  to  offer  stability  to  the  cofferdam 
wall  and  then  by  filling  intn  and  against  the 
cribbing  with  earths  and  rock  to  obtain 
watertiglitness.  Movable  cofferdams  of  timber, 
steel  or  concrete  have  been  built,  but  their  uses 
and  designs  are  very  similar  to  those  discussed 
under  boxes  and  open  caissons. 

CAISSONS  are  boxes  or  chambers  used  for 
construction  wor^  under  water.  There  are  three 
forms  of  caissons  used  in  constructing 
foundations  under  water  the  box  caisson,  the 
open  caisson,  and  the  pneumatk  caisson.  If  the 
structure  is  open  at  the  top  and  closed  at  the 
bottom  it  is  called  a  box  caisson.  If  it  is  open 
both  at  the  top  and  bottom  it  is  an  open  caisson. 
BUT,  if  it  is  open  at  bottom  and  closed  at  the 
top,  and  compressed  air  is  used,  it  is  a  pneumatic 
caisson.  It  is  sometimes  difficult  to  distinguish 
between  a  cofferdam  and  <*  caisson.  In  general,  if 
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the  structure  is  self-c  or  tamed  and  does  not 
depend^  upon  the  surrounding  material  for 
supmirt,  it  is  a  caisson*  However,  if  the  structure 
Quires  such  support  as  sheathing  or  sheet 
piling*  it  is  3  cofferdam.  Retaining  walls  and 
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piers  may  be  built  of  boxes  of  wood,  steel  or 
reinforced  concrete,  floated  into  place  and  then 
filled  with  various  materials*  These  are  known  as 
floating  caissons.  Open  caissons  may  be 
constructed  of  wood  or  steel  sheet  piling. 
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Abrasive  ^grinders,  3-50  to  3-53 

care  and  maintenance,  3-52  to  3-53 

sharpening  stones,  3-5 1 
Abrasives,  painting,  14-3 
Adhesive  application,  ceramic  tile,  13-21 
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planning  work  assignmen  ts,  1-1 

preparing  requisitions,  1-2 

supervising  work  teams,  1-2 

timekeeping,  1-3  to  i-5 
Admixtures,  concrete  ingredients,  7-9 
Advanced  base  field  structures,  15-1  to  15-21 

field-type  latrines,  15-15  to  15-21 

preplanning,  15-1  to  15-15 
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Quonset  hut,  15-2 
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wood-frame  tents,  1 5-15 
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handling  and  storage,  7-8  to  7-9 

quality  criteria,  7:7 
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Air  compressors,  heavy  construction,  16-8 
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starting  the  driving  unit  (di?sel  engine), 
16-9  to  16-10 

stopping,  16-11 
Airless  spray  guns,  14-9  to  14-1 1 
AHigatoring,  paint  failures,  14-32 
Aluminum  paints,  14-13 
Applying  paint,  methods  of,  14-23  to  14-30 

brush-painting  techniques,  14-24 

roller-painting  techniques,  14-24 

spray-method,  14-25  to  14-30 


Applying  plaster,  13-12  to  13-17 

application  of  plaster,  13-15  to  13-17 
base  coat,  13-15 
finish  coat,  13-16  to  13-17 

crews,  13-15 

tools,  13-12  to  13-15 
Architectural  drawings,  2-20 
Arithmetical  operations,  building  materials, 
2-27  to  2-31 

areas  and  volumes  of  geometric  figures. 
2-28  to  2-30 

board  measure,  2-3 1 
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power  uid  roots?  2-30 

square  root,  2-30 
Asphalt-felt  underlayment,  11-10 
Asphalt  heating  kettle,  1 1-16  to  11-19 

care  and  maintenance,  11-19 

operation,  1 1-16  to  11-19 
Asphalt  shingles,  1 1-1 1 
Attachmentof  metal  lath,  13-5 
Attachments,  wire  rope,  5-10  to  5-12 
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Balancing  s-iots,  differential  leveling*  6-6 
Balloon  construction,  9^27  to  9-28 
Bandsaw,  3-33  to  3-34 
Base  coat  pi    ortions,  mixing  plaster,  13-9 
Base  molding,  wood-trim  installation,  12-50 
Batching,  concrete  mix  design,  7-14 
Batching  plant,  concrete  mix  design,  7-14 
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,  Batter  boards,  building  layout,  6-18  to  6-1 9 
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Bill  of  materials,  2-21  to  2-23 

Bird's  mouth,  rafters,  10*7 

Blast  cleaning,  painting,  14-15  to  14-17 
conventional  blasting,  14-15 
vacuum  blasting,  14-15 
wet  blasting,  1416  to  14-17 

Blistering,  paint  failures.  14-3] 

Block  and  tackle,  5-1?  to  5-2! 
block  nomenclature.  5-13 
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mechanical  advantage.  5-19 
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wire  used,  5-13 
reeving  tackle,  5-17  to  5-19 
vife  working  load  of  a  tackle,  5-20 
size  of  line  to  use  in  a  tackle,  5-21 
snatch  blocks  and  fair-leads,  5-14  to  5-15 
tackle  safety  precautions.  5-21 
tackle  terms,  5-1  - 
types  of  tackle,  5-16 

Block  mortar  join ts,  ton  ere  te  m^unrv .  * 
to  8-4 

Block  noiiu'i'A  lature,  V  1 3 

Block  bi?es  ,uid  shapes,  com  retc  masonry  h  h  > 

Block  walls,  patching  jiid  ileaiiing:.  eonrete 
masonry,  8-1  7  to  8-19 

BoJtrd  measure,  lumber.  4-9 

Bolts,  fastening*  4-37  to  4-41 

Box  comer  joint*.  4>2# 

Braces,  wall  framing,  9-21  to  9-2/1 

Bracket  scaffolds.  5-35 

Breakwaters  and  j  -Hies,  water! i on  t  sinMim-v 
16-47 

Brick  masonry,  8-24  to  8-58 

bricklaying  metliods.  8-28  to  8-18 

characteristics,  8-27 

classification,  8-25 

construction,  8*38  to  8-52 

estimating  bnck  and  mortar.  8*57  to  8-58 

mortar,  8-26 

reinforced  brick  masonry,  8-52  to  8-57 
resistance  to  weathering,  8-27 
terminology.  8-24 
types,  S-25 


Bricklaying  methods,  8-28  to  8-38 
cutting  brick,  8-37 
flashing,  8-31 

joint  finishes,  8-37  to  8-38 
masonry  terms.  8-28 
metel  ties,  8-31 

mortar  joints  and  pointing,  8-31  to  8-37 

ty^es  of  bonds,  8-28  to  8-31 
Bridging,  floor  framing,  9-M  to  9^  1 5 
Brooming,  finishing  concrete,  7-45 
Brushes,  painting,  14-4  to  14-6 
Bnish-painting  techniques,  applying  paint,  14-24 
Building  layout,  6-1 7  to  6-19 

batter  boards,  6-18  to  6-19 

perpendicular  by  3:4:5  triangle.  6-18 

perpendicular  by  Pythagorean  theorem,  6-18 
Building  materials,  2-26  to  2-31 

arithmetical  operations.  2-27  to  2-31 

ratio  and  proportion,  2-26 
Bulkheads  waterfront  structures,  16-47  to  16-49 
Burning,  clearing  prior  to  excavation,  6-19 

to  6-21 
Butlerhut,  15-2  to  15-15 

basic  structural  erection,  1 S-7  to  15-15 

floor  erection  procedures,  \5-t 

pa-erection  work.  15-3  to  !5-7 
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Camouflage,  painting,  14-1 

Care  and  maintenance  of  powers;*w  blades, 

3-34  to  3-37 
Carpeting,  12-30 
Casement  windows*  1  2-44 
Ceiling  Joists,  platform  construction,  9-33 
Ceiling  molding,  wood-trim  installation,  i  2-51 

to  12-52 

Cement-asbestos  board,  wood  substitute,  4*17 
Cement,  concrete  ingredients,  7-4  to  7-5 

storage,  7-5 

types,  7-4 
Ceramic  tile,  13-20  to  13-21 

adhesive  application.  13*21 

mortar  application,  13-20 

setting  tile,  13-21 
Oiain  saw,  gasoline,  16-<J 
Chain  saw,  pneumatic,  16-6 
Oialk  line,  handtools,  3-10 
Chalking,  paint  failures,  14-31 


INDEX 


Characteristics,  brick  masonry,  8-27 

Characteristics,  structural  day,  8-19  to  8-21 

Checking  and  cracking,  paint  failures,  14-32 
to  14-34 

Chopping  tools,  heavy  construction,  16-2 
Circular  saw,  pneumatic,  16-5 
Classification,  brick,  8-25 
Classification  of  lumber,  4-7 

manufacturing,  4-7 

size,  4-7 

use*  4-7 

Cleaning  and  lubrication,  wire  rope,  5-8 

Coatings,  types  of*  paintings,  14-1 J  to  14-14 
aluminum  paints,  14-13 
enamel  paints,  14-12 
epoxy  paints,  14-12 
lacquers,  14-14 
latex  paints,  14-13 
oil-based  paints,  14-12 
Portland  cement  paints,  14-13 
rubberbased  paints,  i4-13 
shellac,  14-14 
stains,  14-14 
varnishes,  14-13 

Cofferdams  and  caissons,  construction  in  the 

dry,  16-50  to  16-5  2 
Columns*  form  work.  7-2o 
Collar  tie,  roof  framing,  10-26  to  10-27 
Common  rafter  layoJt,  104  to  10-6 

Concrete,  7-1  to  7-69 

characteristics,  7-1  to  7-4 

concrete  as  building  material  ?-l 
durability,  7-2 

general  require/ncrUs  for  good 

concrete,  7-2  to  7-4 
strength,  7-2 
watertightness,  7-2 

concrete  construction  joints  7-33  to  7-36 
beam,  column,  and  floor  slab,  7-34 
to  7-35 

expansion  and  contraction,  7-35  to 

7-36 
vertical,  7-34 

concrete  ingredients*  7-4  to  7-<J 
admixtures,  7-9 
aggregate,  7-5  to  ?-f> 
cement,  7-4 
water,  7-9 


Concrete -Continued 

concrete  mix  design,  7-9  to  7-1 5 
batching,  7-14 
batching  plant,  7-14  to  7-15 
grout,  7-14 

material  estimates,  7-11 
measuring  aggregate,  7-12 
measuring  water,  7-1 1 
slump  test,  7-12  to  7-13 
water-cement  ratio,  7- 12 
workability,  7-13 
concrete  pumping  machines,  7-57  to  7-69 
operation  of  trailer-mounted,  7-62 
to  7-69 

preparation  for  use,  7-58  to  7-60 

principle  of  operation,  7-60  to  7-62 
concrete  saw,  7-51  to  7-53 
consolidating  concrete,  7-37  to  7-39 
curing  concrete*  7-46  to  7-49 
finishing  concrete,  7-41  to  7-46 

brooming,  7-45 

edging,  7-43 

exposed-aggregate  finish,  7-46 
floating,  7-43 

grinding,  7-45 

rubbed  finish,  7-45 

sack-rubbed  finish,  7-45 

screcding,  7-41  to  7-4  J 

troweling*  7-44 
formwork,  7-J9  to  7-29 

form  construction,  ~*-20  to  -27 

form  design,  7-20 

form  materials,  7-19 

oiling  and  wettine  forms,  1-2?  to 
7-29 

handling  and  transporting  concrete,  7-18 

transit-mixed  concrete,  7-19 
mixing  concrete,  7-15  to  7-18 

by  hand,  7-16 

by  machine,  7-16  to  7-18 
placing  concrete,  7-36  to  7-37 
placing  concrete  under  water,  "-39  to  7-41 
pneumatic-applied  con  cane*  7-57 
precast  concrete,  7-53  to  7-57 

advantages,  7-56 

floor  and  roof  slabs,  walls  and 
partitions,  7-55 

handling,  7-57 

joists,  beams,  girders,  and  columns, 
7-56 

steam  curing,  7-57 
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reinforced  concrete,  7-29  to  7-33 
removal  of  forms,  7-49  to  7-5 1 

Concrete  ;urii  masonry,  painting,  14-17 

Concrete  masonry,  8-3  to  8-19 

block  mortar  joints,  8-3  to  8-4 
block  sizes  and  shapes,  8-3 
concrete  masonry  construction,  8-8  to  8-13 
control  joints,  8-13  to  8-15 
estimating  mortar,  8-6 
intersecting  walls,  8-15 
lintels,  8-16 
masonry  mortar,  8-5 
modular  planning,  8-5 
patching  and  cleaning  block  walls,  8- 1 7  to 
8-19 

reinforced  block  walls,  8-16 
safe  handling  of  material*  8-7 
watertight  block  walls,  8'19 

Conditioners,  sealers,  and  fillers,  painting,  14-19 
to  14-21 

Consolidating  concrete,  7-37  to  7-39 

Construction  administration,  1-1  to  1-10 
administration,  1-1  to  1-5 

planning  work  assignments,  1*1 
preparing  requisitions,  1-2 
.supervising  work  teams,  1-2 
timekeeping,  1-3  to  1-5 
Personnel  Readiness  Cagability  Program,  1-5 
to  1-8 

safety  program,  1-8  to  I- 10 
duties,  1-8 
organization,  1-8 
training,  1-10 

Construction,  brick,  8-38  to  8-52 
builder's  duties,  8-39 
corbeling,  8-47 

eight-inch  common  bond  brick  wall,  8-40  to 
8-45 

fire-resistant  bncks,  849 
footings.  8-39 
lintels,  8-46 

special  types  of  walls,  8-50  to  8-52 
striker's  duties,  8-38 
watertight  walls,  8-48 
window  and  Uoor  openings,  8-45 


Construction  drawings,  2-5  to  2-20 
detail^,  2-19 
elevations,  2-14 
floor  plans,  2-13  to  2-14 
foundation  plans,  2-7,  2-13 
framing  plans,  2-14  to  2-17 
plot  plans,  2-7,2-12 
schedules,  2-20 
sections,  2-17  to  2-1 9 

Construction  in  the  dry,  16-49  to  16-52 

cofferdams  and  caissons,  16-50  to  J6-52 
wellpoints,  16-49 

Contour  cutting,  4-29  to  4-30 

ControJ  joints,  concrete  masonry,  8-13  to  8-15 

Conventional  blasting,  14-15 

Coverage  of  paint,- 14-30 

Coping  joints,  4-28  to  4-29 

Corbeling,  brick  construction,  8-47 

Cornices,  exterior  trim,  1 1-5  to  1 1-8 
construction,  1 1-7 
return,  !  1-8 
types,  II -5  to  11-7 

Crawling,  paint  failures,  14-34 
Crews,  applying  plaster,  13-15  to  13-17 
CUring  concrete,  7-46  to  7-49 
Cutting  tools,  heavy  construction,  16-1 


D 


Decorative  treatment,  interior  finish,  12-52 
Defects  and  blemislies,  lumber,  4-1,  4-6  to  4-7 
Diesel  hammer,  pile-driving  equipment,  16-32 

Differential  leveling,  6-4  to  6-16 

balancing  shots,  6-6  f 
care  of  levels,  6-9 
elevation  and  reference,  6-4 
errois  ana  mistakes  in  leveling,  6-16 
field  notes,  6-14  to  6-16 
/  leveling  a  level,  6-6 
_  ^  leveling  rods,  6-9  to  6-M 
principles,  6-4 

selection  of  turning  points,  6-7  to  6-8 
setting  up  a  level,  6-5 
turning  points,  6-7 
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Dolly  Varden  siding,  1 1-20 

Doors,  interior  finish,  i  2-3  T  to  ]  2-42 
casing,  12-31  to  12-32 
commercial /industrial  hardware,  I  2-40  to 
12-42 

doorframe  and  tnm  installation,  12-35  to 

12-36 
exterior,  I  2-33 

installation  oi  Joor  hardware,  I  2-37  to 
12^0 

doorstops,  12-40 

hinges,  1  2-37 

locks.  1  2-38 

strike  plates,  1  2-39 
interior  12-33  to  12-35 

Double-acting  pneumatic  hammer,  pile-driving 

equipment,  16-31 
Double-hung  windows,  1  2-42  to  I  2-44 
Dovetail  joints^  4-27 

Drawings  and  specifications.  2-i  to  2-33 
building  materials,  2-26  to  2-31 

arithmetical  operations,  2-27  to 
2-31 

ratio  and  proportion,  2-26 
freehand  sketches,  2-24  to  2-26 
metric  system,  2-32  to  2-33 
specifications,  2-23  to  2-24 
structural  design,  2-1 
structural  members,  2-1  to  2-5 
horizontal,  2-4  to  2-5 
vertical,  2-2  to  2-4 
types  of  drawings,  2-5  to  2-23 
architectural  drawings,  2-20 
bill  of  materials,  2-21  to  2-23 
construction  drawings,  2-5  to  2-20 
electucal  drawings,  2-21 
mechanical  drawings,  2-20 
shop  drawings,  2-21 

Drill  press,  3-45  to  347 
Driving  batter  piles,  16-36 
Driving  bearing  piles,  1 6-36 
Driving  sheet  piles.  16-37  to  16-39 
obstruction  and  refusal,  16-39 
c*  springing  and  bouncing,  16-39 
Drop  hammer,  pile-driving  equipment,  1 6-29 
Dumpy  /engineer's,  levels,  6-1 
Durability  of  concrete,  7-2 


Edging,  finishing  concrete,  7-43 

Eight-inch  structural  clay  tile  wall,  8-23 

Eight-inch  wall  with  four-inch  structural  clay 
tile  backing,  8-22 

Electrical  drawings,  2-21 

Elevation  and  reference,  differential  leveling, 

Enamel  paints,  14-12 

End-wall  framing,  platform  construction,  9*3  I 
Epoxy  paints,  14-1  2 

Equipment  for  holding  work,  3-13  to  3-17 

Equipment  hazards,  painting  safety,  14-37 

Erecting,  shear  legs,  5-23 

Erecting,  tripods,  5-25  to  5-26 

Erection,  roof  framing,  10-29  to  10-31 

Estimating  brick  and  mortar,  8-57  to  8-58 

Estimating  mortar,  concrete  masonry,  8-6 

Expanded  metal  lath,  13-5 
flat,  13-5 
rib,  *  V5 

Expansion  and  contraction  joints,  7-35  to  7-36 

Exposed-aggregate  finish,  concrete,  7-46 

Extension  of  roof  sheathing  at  gable  ends,  1 1-3 
Exterior  finish,  11-1  to  11-34 

asphalt  heating  kettle,  1 1-16  to  i  1-19 

care  and  maintenance,  11-19 

Operation,  11-16  to  1 1-19 
built-up  roofing,  1 1 -14  to  1 M6 
exterior  trim,  1 1-3  to  11-10 

cornices,  11-5  to  11-8 

rake  (gable-end)  trim,  11-9  to  11-10 
Hashing,  1 1-29  to  1 1-32 

door  and  windows*  1 1-29 

flat  roofs,  11-29 

material  changes,  1 1-29 

ridges,  1 1-30 

roof  edge^,  1 1-32 

roof-wall  intersection,  1 1-31 

valleys,  1 1-30 
gutters  and  downspouts,  1 1-52  to  1 1-34 
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installation  of  siding>  1 1-22  to  1 1-29 
bevel  siding,  1 1-23  to  1 1-25 
comer  covering,  1 1-25  to  1 1-27 
drop  and  similar  sidings,  1 1-25 
fasteners,  1 1-22 
material  transition,  11-27 
sheet  siding,  1 A-25 
vertical  siding,  1 1-25  x 
wood  shingles  and  wood  shake  siding, 
11-28 

roof  covering,  1 1-10  to  11-14 

asphalt-felt  underlayrnent,  11-10 

asphalt  shingles*  1 1-1 1 

finish  at  the  ridge,  hip,  and  valley, 
11-13  to  11-14 

wood  shingles  and  wood  shakes,  11-12 
roof  sheathing,  1 1-1  to  11-3 

extension  of  roof  sheathing  at  gable 
ends,  1 1-3 

lumber  sheathing,  1 1-2 

plank  roof  decking,  11-2 

plywood  roof  sheathing,  1 1-2 
wall  sheathing,  outside,  1 1-1 9  to  1 1-22 

horizontal  or  vertical  siding,  types 
of,  11-21  to  11-22 

horizontal  siding,  types  of,  1 1-20 

nonwood  siding  J 1-22 

wood  siding,  1 1-iQ 

F 

Fabrication  of  lin^  fiber  line,  5-1 
Failure,  wire  rope,  5-7 
Fastening,  methods  of,  4-33  to  4-42 
bolts,  4-37  to  4-41 
glue,  4-41  to  4-42 
nails' 4-33  to  4-35 
screws,  4-35  to  4  37 
Ferrous  metals,  painting,  14-17 
Fiber  line*  wire  rope,  and  scaffolding,  5-1  to  5-42 
block  and  tackle,  5-12  to  50  I 
block  nomenclature,  5-13 
lifting  a  given  weight,  5-20 
mechanical  advantage,  5-19 
ratio  of  size  of  block  to  size  of 

line  or  wire  used,  5-13 
reeving  tackle,  5-17  to  5-19 
safe  workinglond  of  a  tackle,  5-20 
size  of  line  to  use  in  a  tackle,  5-2 1 
snatch  blocks  and  fair-leads.  5  14 
to  5-15 
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Fiber  line,  wire  ro^e,  and  scaffolding-Continued 
block  and  tackle-Continued 

tackle  safety  precautions,  5-21 
tackle  terms,  5-12 
types  of  tackle,  5-16 

fiber  line,  5-1  to  5-5 

fabrication  of  line,  5-1 
handling  and  care,  5-4  to  5-5 
size  designation,  5-2 
sources  and  characteristics  of 

fibers,  5-1 
strength  of  fiber  line,  5-3 
types  of  line  lays,  5-2 

hoisting  safety  signals  and  Riles,  5-37  to 
5^2 

ladders,  5^26  to  5-28 
safety,  5-27  to  5-28 
types,  5-26 

scaffolding,  5-28  to  5-37 
bracket  scaffolds,  5-35 
Iiole  scaffold  construction,  5-29  to 
5-32 

prefabricated  scaffold  erection,  5-32 

to  *-35 
safety,  5-36  to  5-37 
swinging  scaffold  construction,  5-28 

bhearlegs,  5-21  'o5-23 
erecting,  5-23 
rigging,  5-22 
safe  working  load,  5-23 

tripods,  5-23  to  5-26 

erecting.  5-25  to  5-26 
rigging,  5-24 

wire  rope,  5-5  to  5-1  2 

attachments,  5-10  to  5-12 

cleaning  and  lubrication.  5-8 

failure,  5-7 

inspection,  5-9 

measuring,  5-6 

safe  working  load.  5  7 

storage,  5-8 

Fiberboard,  wood  substitutes,  4-16 

Field  notes,  diffeiential  leveling,  (>-l4  to  6-16 

Field  structures,  types  of,  15-2 

Finish  at  the  ridge,  hi|>,  and  valley.  11-13  to 
11-14 

Finish  cOat  proportions,  mixing  plaster.  13-9 
to  13-10 
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Finishing  concrete,  7-4 1  to  7-46 
brooming,  7-45 
edging,  7-43 

exposed-aggregate  finish*  7-46 

floating,  7-43 

grinding,  7-45 

nibbed  finish,  7-45 

sack-mbbed  finish,  7-45 

screeding,  7-41  to  7-43 

troweling,  7-44 
Fire  hazards,  paintingsafety,  14-37 
Fir<*  retardance,  painting,  14-1 
Fire-resistant  bricks,  8-49 
Flashing,  11-29  to  11-32 

door  and  windows,  1 1-29 

flat  roofs,  11-29 

material  change,  1 1-29 

ridges,  1 1-30 

roof  edges,  1 1-32 

roof-wall  intersection.  1 1-31 

valleys,  1 1-30 
Flashing  the  generator,  heavy  construction* 
16-13 

Flexible  insulation,  12-13 
Floating,  finishing  concrete,  7-43 

Floor  coverings,  12-24  to  12-30 
carpeting,  12-30 

installation  of  resilient  tile,  12-30 
types  of  resilient  flooring.  12-29 
wood  and  particlcboanJ  tile  flooring,  12-29 
wood-strip  flooring,  12-25  to  12-28 
installation,  12-26  to  12-28 
wood  flooring  over  concrete  slabs, 
installation,  1  2-28 

Floor  erection  procedures,  Buti£rhut,  15-7 
Floor  framing,  9-5  to  9-17 

bridging,  9-14  to  9-15 

floor  framing  at  wall  projections,  9-12  to 
9-14 

floor  framing  under  partition,  9-1  2 
framing  around  floor  openings,  9-1 1 
framing  joists  to  girders,  9-5 
joist  erection,  9-8  to  9-11 
joist  layout,  9-6  to  9-8 
srbflooring,  0-16  to  9-17 

Flush  ceiling  framing,  9-34  to  9-35 

Footing  forms,  7-20  to  7-22 

Footings,  bnck  construction,  8-39 

Forms,  removal  of,  7-49  to  7-5  I 
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Formwork,  7-19  to  7-29 
construction,  7-20 

beams  and  girders,  7-26 

columns*  ?-26 

footing  forms,  ^-20  to  7-22 

foundations,  7-22 

walls,  7-22  to  7-25 
design,  7-20 
materials,  7-19 

oiling  and  wetting  forms,  7-27  to  7-29 
Foundations,  formwork,  7-22 
Framing  allowance,  wall  framing,  9-24  to  9-27 
Framing  square,  3-1  to  3-8 

basic  problems  solved  by  the  framing  square, 
3-1  to  3-7 

using  the  framing  tables  on  the  framing 
square,  3-7  to  3-8 
Framing,  theory  of,  9-1 
Freehand  sketches,  2-24  to  2-26 


G 

Gable-end  studs,  wall  framing,  9-23 
Gasoline  chain  saw,  16-8 
Glass  cutting,  12-47 

Glass,  types  of,  windows,  1  2-44  to  1  2-47 

Glazing,  12-47  to  12-48 

Gloss,  inadequate,  paint  failures,  14-34 

Glue,  fastening,  4-41  to  4-42 

Grades,  plywood,  4-13 

Grading,  6-16  to  6-17 

Grading(softwoods),  lumber,  4-7,  4-9 

Grinding,  Unfiling  concrete,  7-45 

Groins,  waterfront  structures*  16-46 

Grooved  joints,  4-24  to  4-26 

Grout,  concrete  mix  design,  7-14 

Gutters  and  downspouts,  1 1-32  to  11-34 

Gypsum,  9-40, 9-42 

insulating  boat<J7l9JE!> 
type  of  sheathing,  9-40 

Gypsum  board,  installation  of,  12-1  to  12-5 

Gypsum  lath,  13-4 

Gypsum  plaster,  13-1 

Gypsum  wallbo;ird,  wood  substitute.  4-17 
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Half-lap  joints,  4-20 

Hand  cleaning,  painting,  14-14 

Hand,  levels,  6-2,  6-4 

Handling  and  care,  fiber  line,      to  5-5 

Handling  and  storage,  lumber,  4-9  to  4-10 

Handling  and  transporting  concrete,  7-18 
transit-mixed  concrete,  7-19 

Handtools,  3-1  to  3-13 
chalk  line,  3-10 
framing  square,  3-1  to  3-8 
levels,  3-9  to  3-10 
miter  box,  3-8 

saw-sharpening  equipment,  3-1 1  to  3-13 
tape,  3-10 

Handtools,  heavy  construction,  16-1  to  16-5 
chopping  tools,  16-2 
cutting  tools,  16-1 
striking  tools,  16-3 

timber-handling  tools  arid  equipment,  16-4 
to  16-5 

Hardboard,  wood  substitutes,  4-1 6 
Hardboard  and  fiberboard,  installation  of,  1  2-5 
Health  hazards,  painting  safety,  14-38  to  14-39 

Heavy  construction,  16-1  to  16-52 
air  compressors,  16-8  to  16-1 1 

starting  the  driving  unit  (dicsel 

engine),  16-9  to  16-10 
stopping,  16-1 1 
construction  in  the  dry,  16-49  to  16-52 
cofferdams  and  caissons,  16-50  to 

16-52 
wellpoints,  16-49 
handtools,  16-1  to  (6-5 
chopping  tools,  16-2 
cutting  tools,  16-1 
striking  tools,  16-3 

timber-handling  tools  and  equipment, 
16-4  to  16-5 
pile-driving  equipment,  16-28  to  16-32 
diesel  hammer,  16-32 
double-acting  pneumatic  hammer, 
16-31 

drop  hammer,  16-29 
single-acting  pneumatic  hammer, 
56-30 


Heavy  construction -Continued 

piJe-driving  operations,  16-32  to  16-42 
driving  batter  piles,  16-36 
driving  bearing  piles,  16-36 
driving  sheet  piles,  16-37  to 
16-39 

placing  piles  by  jetting,  16-40 

to  16-41 
pulling  piles,  16-39 
straightening  piles,  16-42 

piles,  16-19  to  16-28 

concrete  bearing  piles,  16-23  to 
16-24 

sheet  piles,  16-24  to  16-28 

ste<il  bearing  piles,  16-22  to  16-23 

timber  bearing  piles,  !6-20  to  16-22 

portable  type  genera  tors/floodlights,  16-1 1 
to  16-13 

flashing  the  generator,  16-13 
starting  the  engine,  16-12 
stopping  the  engine,  16-13 

power  tools,  16-5  to  16-8 
gasoline  chain  saw,  16-8 
pneumatic  chain  saw,  16-6 
pneumatic  circular  saw,  16-5 
pneumatic  nail  driver,  16-6 
pneumatic  wood  drill,  16-6 

timber  fasteners  and  connectors,  16-13  to 
16-15 

timber  connectors,  16-14  to  16-15 
timber  fasteners,  16-13 

timber  pier  construction,  16-42  to  16-44 
timber  trestles,  16-15  to  16-18 

constructing  a  timber  trestle,  16-17 
constructing  a  trestle  bent,  16-17 
constructing  the  superstructure, 
16-18 

erecting  a  trestle  bent,  16-18 
nomenclature,  16-15  to  16-17 

waterfront  structures,  16^4  to  16-49 
breakwater  and  jetties,  16-45 
bulkheads,  16-47  to  k-49 
groins,  16-46 
moles,  16-4'/ 
seawalls,  l6-<n 
Hip  rafter  layout,  10-7  to  10-12 

projection,  I0-1G 

shortening  allowance,  10-9 

side  cuts,  10-11  to  10-12 
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Hoisting  safety  signals  and  rules*  5*37  to  5-42 
Horizontal  siding,  types  of.  1 1-20 

bevel,  11-20 

Dolly  Varden,  I  1-20 

other  types,  1 1-20 
Horizontal  structural  members,  2-4  to  2-5 


I 


Identification  and  safety,  painting,  14-2 
Identification  stamps,  plywood,  4-16 
Illumination  and  visibility,  painting,  14-2 
Inspection,  wire  rope,  5-9 
installation  of  plaster  base,  1 3-8 

installation  of  sheathing,  9-40 

gypsum  and  insulating  board*  9-42 
plywood,  9^42 
sheathing  paper,  9-43 
structural  insulating  board.  9-42 
woou,  9-40  to  942 

Insulation,  12-11  to  12-19 

how  to  insulate,  12-15  to  I  2-17 
insulating  materials,  12-12  to  I  >  1 4 

flexible,  12-13 

loose  filL  12-13 

miscellaneous,  \2-\4 

reflective,  12-13 

rigid,  12-14 

vapor  barriers,  12-17 
ventilation,  12-17  to  1  2-19 
where  to  insulate.  12-14  to  12-15 
Interior  finish,  12-1  to  12-53 
decorative  treatment.  12-52 
doors,  12-31  to  12-42 

casing,  12-31  to  1232 
commercial/industrial  hardware, 
12-40 

doorframe  and  trim  installation, 

12-35  to  12-36 
exterior.  12-33 

installation  of  door  hardware, 

12-37  ,o  12-40 
interior,  1 2-33  to  12-35 
floor  coverings.  12-24  to  12-30 
carpeting;  1 2-30 
installation  of  resilient  tile, 

12-30 

types  of  resilient  ftoonng,  1  2-29 


Interior  finish -Continued 

floor  coverings-Continued 

wood  and  parttcleboard  tile 

flooring,  12-29 
wood-strip  flooring,  12-25  to  12-28 

insulation,  12-11  to  12-19 

how  to  insulate,  12-15  to  12-17 
insulating  materials,  12-12 
vapor  barriers,  12-17 
ventilation,  12-17  to  12-19 
where  to  insulate,  12-14  to  1  2-15 

laminated  plastics,  12-52  to  12-53 

stairs,  12-19  to  12-24 

stairway  construction*  12-23 
stairway  layout,  1 2- 1 9  to  12-23 

suspended  acoustic  ceiling  systems,  1 2-6 
to  12-11 
ceiling  tile,  12-11 
installation,  12-8  to  12-1 1 
preparation  for  installation,  12-7 

wall  and  ceiling  coverings,  12-1  to  12-6 
installation  of  gypsum  board,  12-1 
to  ]  2-5 

installation  of  hardboard  and 

fiberboard,  12-5 
installation  of  plywood,  12-5 
installation  of  wood  paneling, 

12-5  to  12-6 
windows,  12-42  to  1 2-49 
glass  cutting,  12-47 
glazing,  12-48 

preparation  before  glazing,  12-47 
sash  preparation,  12-47 
setting  glass  in  wood  and  metal 

sash,  12-48  to  12-49 
types  of  glass>  12-44  to  12-47 
types  of  windows,  1 2-42  to  1 2-44 
wood-trim  installation,  12-49  to  12-52 
base  molding,  12*50 
ceiling  molding,  12-51  to  12-52 
Interior  walls*  platform  construction,  9-32 
Intersecting  walls,  concrete  masonry,  8-15 


Jack  rafter  layout,  ICM8tc  10-21 

bird's  mouth  and  projection,  10-21 
length,  10-19  to  1021 
shortening  allowance.  10-21 
side  cuts,  10-21 
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Joint  finishing,  structural  clay,  S-24 
Joint  reinforcing,  13-6 
Jointer,  power  shaving  tools,  3-39  to  3-4 1 
Joints  and  joining,  4-1  7  to  4-29 

box  corner  joints,  4-28 

copingjoints,  4-28  to  4-29 

dovetail  joints*  4-27 

grooved  joints,  4-24  to  4-26 

half-lap  joints,  4-20 

miter  joints,  4-21  to  4-24 

mo jjjise- and- tenon  joints,  4-26 
Joints,  concrete  construction,  7-33  to  7-36 

beam,  column,  and  floor  siab,  7-34  to 
7-35 

expansion  and  contraction,  7-35  to  7-36 

vertical,  7-34 
Joints,  control,  applying  stucco,  13-20 
Joist  erection,  floor  framing,  9-8  to  9-1 1 
Joist  layout,  floor  framing,  9-6  to  9-8 
Joists  to  girders,  framing,  9-5 


L 


La-jquers,  coatings,  14-14 
Udders  5-26  to  5-28 

safety,  5-27  to  5-28 

types,  5-26 
Laminated  lumber,  4-10  to  4-1 1 
Laminated  plastics,  12-52to  12-53 
Latex  paints,  14-13 

Lath  nailers,  platform  construction.  9-32 
Lathing  accessories,  13-5 
Latrines,  field-type,  15-15  to  15-21 
Layingout  studs  for  cutting,  9-20 
Leveling,  grading,  and  excavating,  6-1  to  6-25 
building  layout,  6-17  to  6-19 
batter  boards,  6-1  8  to  6-19 
perpendicular  by  3:4:5  triangle, 
6-18 

pejpcndicular  by  Pythagorean 
theorem,  6-18 
clearing  prior  to  excavation,  6-19  to  6-21 

burning,  6-19 

poisonous  plants,  6  20 

safety*  6-20  to  6-21 
differential  leveling,  6-4  to  6-16 

balancing  shots,  6-6 

care  of  levels,  6-9 

elevation  and  reference,  6-4 


Leveling,  grading,  and  excavating-  Continued 
differential  leveling-Continued 

errors  and  mistakes  in  leveling,  6-16 

field  notes,  6*14  to  6-16 

leveling  a  level,  6-6 

leveling  rods,  6-9  to  6-14 

principles,  6-4 

selection  of  turning  points. 
6-7  to  6*8 

setting  up  a  level,  6-5 

utrning  points,  6-7 
excavating,  6-21  to  6-25 

dimensions.  6-21 

prevention  ot  glides  and  cave-ms* 
6-22  to  6-25 
grading,  6-16  to  6-17 
levels,  6-1  to  6-4 

dumpy /engineer's,  6-1 

hand,  6-2,  6-4 

self-leveling,  6-2,  6-3 
Leveling  rods,  6-9  to  6-14 
care,  6-14 

Philadelphia  rod.  6-9  ;o  6-13 

rod  levels,  6-13 
Levels,  6-1  to  6-4 

dumpy  engineers,  6-1 

hand,  6-2,  6-4 

self-leveling,  6-2,  6-3 
Levels,  handtools,  3-9  to  3-10 

carpenters  level,  3-9  to  3-10 

line  level,  3-9 
Lifting  a  given  weight,  5-20 
Light  frame  construction,  floor  and  wdL  9-1 
to  9-43 

balloon  construction,  9-27  to  9-28 

floor  framing,  9-5  to  9-17 
bridging,  9-14  to  9-15 
floor  framing  at  wall  projections, 

9-12  to  9-14 
floor  framing  under  partition,  9-1  2 
framing  around  floor  openings,  9-1 1 
framing  joists  to  girders>  9-5 
joist  erection,  9-8  to  9-1 1 
joist  layout,  9-6  to  9-8 
subflooring,  9-16  to  9-1  7 

installation  of  sheathing,  9-40  to  9-43 
gypsum  and  insulating  board,  9-42 
plywood,  9-42 
sheathing  paper,  9-43 
structural  insulating  board,  9-42 
wood,  9-40  to  9-42 
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light  frame  construction:  floor  and  wall- 
Continued 

platform  construction.  9-28  to  9-35 

ceiling  joists,  9-33 

end-wait  framing,  9-31 

flush  celling  framing,  9-34  to  9-35 

interior  walls,  9-32 

lath  nailers,  9-32 
post  and  beam  framing,  9-35  to  9-37 
sill  framing,  9- 1  to  9-5 

silt  layout,  9-2  tc  9-4 

sill  placement,  9-4  to  9-5 
theory  of  framing,  9-1 
types  of  sheathing,  9-37  to  9-40 

gypsum,  9-40 

plywood,  9-39 

structural  insulating  board 
sheathing,  9-40 

wood,  9-38 
wall  framing,  9-18  to  9-27 

braces,  9-2!  to  9-23 

framing  allowance,  9-24  to  9-27 

gable-end  studs,  9-23 

laying  out  studs  for  cutting,  9-20 

partition,  9-21 

top  piate  and  soleplate,  9-19 

Lime  plaster,  13-2 
line  lays,  types  of,  fib^rline,  5-2 
Lintels,  brick  construction,  8-46 
Lintels,  concrete  masonry,  8-16 
Loose  fill  insulation,  12-13 

Lumber,  4-1  to  4-10 
board  measure,  4^9 
classification,  *-7 

defects  and  blemishes,  4-1,4-6  to  4-7 
grading  (softwoods),  4-7,  4-9 
handling  and  storage,  4-9  to  4-10 
seasoning,  4-1 

Lumber  sheathing,  1  1-1 


M 


Masonry,  &l  to  8-58 

bnck  masonry,  8-24  to  8-58 

bricklaying  methods,  8-28  to  8-38 
characteristics*  8-27 
classification  8-25 
construction,  8-38  to  8-52 


Mason  ry  -Con  tin  ued 

brick  masonry -Continued 

estimating  brick  and  mortar,  8-57 

to  8-58 
mortar,  8-26 

reinforced  brick  masonry,  8-52  to  8-57 
resistance  to  weathering,  8-27 
terminology,  8-24 
types,  8-25 

concrete  masonry,  8-3  to  8-19 
"^lock  mortar  joints,  8-3  to  8-4 
/block  sizes  and  shapes,  8-3 
construction,  8-8  to  8-13 
control  joints,  8-13  to  8-15 
estimating  mortar,  8-6 
intersecting  walls,  8-15 
lintels,  8-16 
masonry  mortar,  8-5 
modular  planning,  8-5 
patching  and  cleaning  block  walls, 

8-17  to  8-19 
reinforced  block  walls,  8-16 
safe  handling  of  material,  8-7 
watertight  block  walls,  8-19 

structural  clay  tile  masonry,  8-i9  to  8-24 
eight-inch  structural  clay  tile  waP, 
8-23 

eight-inch  wall  with  four-inch 
structural  clay  tile  backing,  8<  '1 

joint  finishing,  8-24 

mortar  joints,  8-21 

physical  characteristics,  8-19  to 
8-21 

safe  handling  of  block  and  hollow 

tile,  8-24 
uses,  8-21 

tools  and  equipment,  8-1  to  8-2 

Material  estimates,  concrete  mix  design,  7-1 1 

Measuring  aggregate,  concrete  mix  design,  7-1  2 

Measuring  water,  concrete  mix  design,  7-1 1 

Measuring  wire  rope,  5-6 

Mechanical  advantage,  5-19 

Mechanical  drawings,  2-20 

Metal  lath,  1 3-4 

Metric  system,  2-32  to  2-33 

Millwork,  *-30to  4-33 

Miter  box,  3-8 

Miter  joints,  4-21  to  4-24 

Mix  design,  concrete,  7-9  to  7-15 
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Mixing  concrete,  7-15  to  7-18 
by  hand,  7-16 
by  machine,  7-16  to  7-18 
charging  the  mixer,  7-17 
cleaning  and  maintaining  the  mixer, 

7-17  to  7-18 
discharging  the  mixer,  7-17 
mixing  time,  7-17 
Mixing,  paint,  14-21 
Mixing  plaster,  13-8  to  13-12 
base  coat,  13-9 
finish  coat,  13-9  to  13-10 
mixing  by  hand,  13-10 
mixing  by  machine,  13-1 1  to  13-1 2 
piaster  quantity  estimates,  13-10 
safe  handling  of  materials,  13-12 
Modular  planning,  concrete  masonry,  8-5 
Moles,  waterfront  structures,  6-47 
Mortar  application,  ceramic  tile,  13-20 
Mortar,  brick  masonry,  8-26 
Mortar  joints,  structural  clay,  8-21 
Mortar,  masonry,  concrete,  8-5 
MorEise-aiid-Eenon  joints,  4-26 


N 


Nail  driver,  pneumatic,  16  ^ 
Nails,  fastening,  4-33  to  4-35 
Nonferrous  metals,  painting,  14-17 
Nonwood  siding,  1 1-22 


0 


Oil-based  paints,  14-1 2 

Oa:ng  and  wetting  forms,  7-27  to  7-29 

Outside  wall  sheathing,  1 1-19  to  11-22 

P 


Paint  failures,  14-31  to  14-34 
alligatoring,  14-32 
blistering,  14-32 
chalking,  1  4-31 

checking  and  cracking,  14*32to  14-34 
crawling,  14-34 
inadequate  gloss,  14-34 


fiaint  failures-Continued 

peeling,  14-32 

prolonged  tackiness*  14-34 

wrinkling,  14-34 
Paint  mixers,  14-1  \ 

Paint  muing  and  conditioning,  14-21  to  14-23 
mixing,  14-21 
straining,  14-23 
thinning,  14-23 
tinting,  14-23 

Paint  removers  14-1? 

Painting,  purposes  of,  14-1  to  14-2 
camouflage,  14-1 
fire  rctardanee,  14-1 
identification  and  safety,  14-2 
illumination  and  visibility,  14-2 
pieventive  maintenance,  14-1 
sanitation  and  cleanliness,  14-1 

Painting  safety,  14-37  to  14-39 

equipment  hazards,  14-37 

fire  hazards,  14-37 

health  hazards,  14-38  to  14-39 
Paints  and  preservatives,  14-1  to  14-39 

coverage  of  paint,  14-30 

methods  of  applying  paint,  14-23  to  14-30 
brush-painting  techniques,  14-24 
roller- pain  ting  techniques,  14-24 
spray  method,  14-25  to  14-30 

paint  failures,  14-31  to  14-34 
alligatoring,  14-32 
blistering,  14-3  2 
chalking,  14-3 1 

checking  and  cracking,  14-32  to 
14-34 

crawling,  14-34 

inadequate  gloss,  14-34 

peeling,  14-32 

prolonged  tackiness,  14-34 

wrinkling,  14-34 
paint  mixing  and  conditioning,  14-21  to 
14-23 

mixing,  14-21 

straining,  14-23 

tlunning,  14-23 

tinting,  14-23 
painting  safety,  14-37  to  14-39 

equipment  hazards,  14-37 

fire  hazards,  14-37 

health  hazards,  14-38  to  14-39 
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Paints  and  preservatives-Continued 
purposes  of  painting,  14-1  to  14-2 
camouflage,  14-1 
fire  retardance,  14-1 
identification  and  safety,  14-2 
illumination  and  visibility,  14-2 
preventive  maintenance,  14-1 
sanitation  and  cleanliness,  14-1 
storage  of  equipment,  14-36  to  14-37 
surface  preparation  for  painting,  14-14  to 
14-21 

blast  cleaning,  14-15  to  14-17 
concrete  and  masonry,  14-17 
conditioners,  sealers,  and  fillers, 

14-19  to  14-21 
ferrous  metals,  14-17 
band  cleaning,  14-14 
nonfenous  metals,  14-17 
paint  removers,  14-17 
plaster  and  wallboard,  14-18 
power  tool  cleaning,  14-14 
wood,  14-18 
tools  and  equipment,  14-3  to  14-1 1 
abrasives,  14-3 

airless  spniy  guns,  14-9  to  14-1 1 
brushes,  14-4  to  14-6 
paint  mixers,  14-1 1 
rollers,  14-7 
scrapers,  14-3 
spray  guns,  14-8 
types  of  coatings,  14-11  to  14*14 
aluminum  paints,  14-13 
enamel  paints,  14-12 
epoxy  paints,  14-12 
lacquers.  14-14 
latex  paints,  14-13 
oil- based  paints.  14-12 
i,_>rtland  cement  paints,  14-13 
rubber-based  paints,  14-13 
shellac,  14-14 
stains,  14-14 
varnish  es,-  14-13 
wood  preservatives,  14-34  to  14-36 
panels,  plywood,  4-14  to  4-16 
concrete  form,  4-14, 4-16 
decorative,  4-14 
overlaid,  4-14 
Particleboard,  wood  substitutes,  4-17 
Partition,  wall  framing,  9-21 
Pfceling,  paint  failures,  14-32 


Personnel  Readiness  Capability  Program,  1-5 

to  1-8  * 
Philadelphia  rod,  6-9  to  6-13 
Pile-driving  equipment  16-28  to  16-32 

diesel  hammer,  16-32 

double-acting  pneumatic  hammer,  lb-S  \ 

drop  hammer,  16-29 

single-acting  pneumatic  hammer,  16-30 

Pile-driving  operations,  16-32  to  16-42 
driving  batter  piles,  16-36 
driving  bearing  piles,  16-36 
driving  sheet  piles,  16-37  to  16-39 
placing  piles  by  jetting,  16-40  to  16-41 
punmg  piles,  16-39 
straightening  piles,  16-42 
Piles,  heavy  construction,  16-19  to  16-28 
concrete  bearing  piles,  16-23  to  16-24 
sheet  piles,  16*24  to  16-28 
steel  bearing  piles,  16-22  to  16'23 
timber  bearing  piles,  16*20  to  16-22 
Racing  conciete,  7-36  to  7-37 
Placing  piles  by  jetting,  16^0  to  t^1 
Planing  and  squaring  to  dimensions,  4-17 
Hank  roof  decking,  H-2 
Planning  work  assignments,  1-1 
Raster  and  wallboard,  painting,  14-18 
Plaster  bases,  13-4  to  13-8 

attachment  of  metal  lath,  13-5 
expanded  metal  lath,  1>5 
gypsum  lath,  13-4 
installation  of  plaster  base,  1 3-8 
joint  reinforcing,  13-6 
lathing  accessories,  13-5 
metal  lath,  13-4 
plaster  grounds,  13-7 
Plaster  grounds,  13-7 

Placer  ingredients,  13-1  to  13-4 

aggregates,  13-3 

gypsum  plaster,  13-1 

lime  plaster,  13-2 

Portland  cement,  13-3 

water,  13-4 
Plaster  quantity  estimates,  13-10 
Plastering,  stuccoing,  and  ceramic  ttlc,  13-1 

to  13-21 

applying  plaster,  13-12  to  13-17 
application  of  plaster,  13-15  to 

13-17 
crews,  13-15 
tools,  13-12  to  13-15 
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Mastering,  stuccoing,  and  ceramic  tile— 
Continued 
applying  stucco,  13-1  7  to  13-20 

control  joints,  13-20 

preparation  of  base  and  application 
of  stucco,  13*18  to  13-20 
ceramic  tile,  13-20  to  13*21 

adhesive  application,  13-21 

mortar  application,  13-20 

setting  tile,  13-21 
mixing  plaster,  13-8  to  13*12 

base  coat,  13-9 

finish  coat,  13-9  to  13-10 

mixing  by  hand,  13-10 

mixing  by  machine,  13-11  to  13-12 

plaster  quantity  estimates,  13-10 

safe  handling  of  materials,  13*12 
plaster  bases,  13-4  to  13-8 

attachment  of  metal  lath,  13-5 

expanded  metal  lath,  13-5 

gypsum  lath,  13-4 

installation  of  plaster  base,  1 3-8 

joint  reinforcing,  13-6 

lathing  accessories,  13-5 

metal  lath,  13-4 

plaster  grounds.  13-7 
plaster  ingredients,  13-1  to  13-4 

aggregates,  13-3 

gypsum  plaster,  1>1 

lime  plaster,  13-2 

Portland  cement,  13-3 

water,  1 3 --4 
Platform  construction,  9-28  to  9-35 
ceilingjoists,  9-33 
end-wall  framing,  9-31 
flush  ceiling  framing,  9-34  to  £35 
interior  walls,  9-32 
lath  nailers,  9-32 
Plywood,  4-11  to  4-16,  9-39,  9-42 
grades>  4-13 

identification  stamps,  4-16 
installation  of  sheathing,  9-42 
sizes,  4-13 

special  purpose,  4-14  to  4-16 

storage,  4-16 

type  of  sheathing,  9-39 

types,  4-14 
Plywood,  installation  of.  12-5 
Plywood  roof  sheathing,  1 1-2 
Pneumatic-applied  concrete,  7-57 
Pneumatic  chain  saw,  (6-6 


Pneumatic  circular  saw,  16-5 

Pneumatic  nail  driver,  16-6 

Pneumatic  wood  drill,  16-6 

Poisonous  plants,  clearing  prior  to 

excavation,  6*20" 
Pole  scaffold  construction,  5-29  to  5-32 
Portable  electric  circular  saw,  3-30  to  3-31 
Portable  reciprocal  saw,  3*32  to  3-33 

Portable  type  generators/floodlights,  heavy 
construction,  16*1 1  to  16-13 
flashing  the  generator,  16-13 
starting  the  engine,  16-12 
stopping  the  engine,  16-13 

Portland  cement,  13-3 

Portland  cement  paints,  14-13 

Post  and  beam  framing,  9-35  to  9-37 

Power  plane,  portable,  3-38 

Power  tool  cleaning,  painting,  14-14 

Power  tools,  heavy  construction,  16-5  to 
16-8 

gasoline  chain  saw,  16-8 
pneumatic  chain  saw,  16-6 
pneumatic  circular  saw,  16-5 
pneumatic  nail  driver,  16-6 
pneumatic  wood  drill,  16-6 

Power  tools,  woodworking.  3-1  7  to  3-53 
abrasive  grinders,  3-50 
bandsaw,3-33  to  3-34 
care  and  maintenance  of  powersaw  blades, 

1-34  to  3-37 
anil  press,  3-45  to  3-47 
portable  electric  circular  saw>  3-30  to  3-31 
portable  reciprocal  saw,  3-32  to  3-33 
power  shaving  tools,  3-37  to  3-45 
saber  saw,  3-3  1  to  3-32 
shop  radial  arm  saw*  3-29 
Ult-arbor  table  bench  saw,  3-29  to  3-30 
trailer-mountetWield  saw*  3-1 7  to  3-29 
woodworking  lathe,  3-47  to  3-50 

Precast  concrete,  7-53  to  7-57 
advantages,  7-56 

floor  and  roof  slabs,  walls  and  partitions. 

7-55 
handling,  7-57 

joists,  beams,  girden;>  and  columns.  7-56 
steam  curing,  7-57 

Preerection  work,  Butlerhut,  15-3  to  15-7 
Prefabricated  scaffold  erection,  5*32  to  5-35 
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Preplanning,  advanced  base  field  structures, 
1 5-1 

*      distribution  of  parts*  15-t 

importance  of  foundations,  15-1 
Pulling  piles,  16-39 

Pumping  machines,  concrete,  7-57  to  7-69 

operation  of  trailer-mounted  concrete  pumps, 
7-62  to  7-69 
care  and  maintenance,  7-69 
cleanup  after  pumping,  7-67  to  7-69 
indicators  and  controls,  7-62 
procedures,  7-65  to  7-67 
pump  shutdown,  7-69 
running,  7-64 

starting  and  adjusting,  7-63 
starting  the  power  source.  7-62 
stopping  the  pump  engine,  7-6s> 
preparation  for  use,  7-58  to  7-60 
principle  of  operation,  7-60  to  7-62 

Pythagorean  theorem,  building  layout,  6-IX 


Ouonset  hut,  I  ^2 


R 

Rafter  location  layout.  10*25  to  10*26 

Rafters.  10-3  to  10- 2o 
bird's  mouth,  I0-? 
common  rafter  layout,  10-4  to  106 
hip  rafter  layout,  10-7  to  10-12 
projection,  10*10 
shortening  allowance,  10-^> 
side  cuts,  10-11  to  10-12 

jatk  rafter  layout.  10-13  to  10-21 

bird's  mouth  and  projection,  10-21 
length,  10- 1 9  to  10-21 
shortening  allowance.  10-21 
siilciufe.  If>2t 


Raf  tcrS-Continued 

rafter  location  layout,  10-25  to  10-26 
ridge  layout,  10-21  to  10-23 
shed  roof  framing,  10-23  to  10-25 
table  method,  using  rafter  table  on  framing 

square,  10-6 
terms  used,  10-3 

valley  rafter  layout,  1 0 1 2  to  10-17 
Ratio  and  proportion,  building  materials,  2-26 
Ratio  of  size  of  blocks  to  size  of  line  or  wire 

used,  5-13 
Reeving  tackle,  5-!7  to  5-19 
Reflective  insulation,  12*13 
Reinforced  block  walls,  concrete  masonry,  8-16 
Reinforced  brick  masonry,  8-52  to  8-5? 

beams,  8-54  to  8-56 

columns  and  walis,  8-56  to  8-57 

construction  methods,  8-53 
Reinforced  concrete,  7-29  to  7-33 
Requirements  for  good  concrete,  general,  7-2  to 
14 

Requisitions,  preparing,  1-2 
Resilient  Hoofing,  12-29  to  12-30 
installation,  12-30 
types,  12-29 

asphalt  tile,  I  2-29 

linoleum,  12-29 

other  tile  forms,  12-29 

seamless,  12-29 
Ridge  layout,  rafters,  10-21  to  10*23 
Rigging,  shear  leps,  5-22 
Rigging,  tripods,  5-24 
Rigid  insulation,  12-14 
Rod  levels,  6- 1 3 

Roller-painting  techniques,  applying  paint, 
14-24 

Rollers,  painting*  14-7 

Root  construction  terms,  1 02 

Roof  covering,  11-tOto  11-14 

asphalt-felt  underlaymcnt,  11-10 

asphalt  shingles,  11:11 

finish  at  the  ridge,  hip,  and  valley, 

1 1-13  to  11-14 
wood  shingles  and  wood  shake*  11-12 
Roof  framing,  10-1  to  10-31 
collar  tie,  10-26  to  10-27 
raltere,  10-3  to  10-26 
bird's  mouth,  10-7 
common  nil  tvr  layout,  10-4  to  10-6 
hip  rafter  layout,  10*7  to  10-12 
jack  ralter  layout,  10*18  to  10-2! 
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Roof  framing-Continued 
rafters-Continued 

ridge  layout,  1021  to  10*23 
rafter  location  layout,  10*25  to 
10-26 

shed  roof  framing,  10*23  to  10*25 
table  method,  using  rafter  tabic  on 

framing  square,  10*6 
terms  used,  10*3 

valley  rafter  layout,  10*12  to  10*1 7 
roof  construction  terms,  10*2 
roof  framing  erection,  10*29  to  10*31 
roof  sheatliing,  10*31 
roof  trusses,  10*28  to  10*29 

fabrication,  10*28 

handling,  10*29 

types,  t(>28 
types  of  roofs*  10*1 
Roof  sheathing,  1 1-1  to  1 1-3 

extension  of  roof  sheathing  at  gable  ends, 
11-3 

lumber  sheathing.  1 1- 1 

plank  roof  decking,  1 1-2 

plywood  roof  sheathing,  H-2 
Roofing,  built-up,  1 1-14  to  1  W6 
Router  power  shaving  tools.  3-37 
Rubbed  finish,  concrete,  7-45 
Rubbcrbas^d  paints*  14-13 


S 


Saber  saw,  3-31  to  3-32 

Sack-rubbed  finish,  concrete,  7-45 

Safe  handling  of  block  and  hollow  tile,  8-24 

Safe  handling  of  material,  concrete  masonry* 

8*8  to  8*13 
Safe  working  load  of  a  tackle,  5-20 
Safe  working  load,  shear  legs,  5-23 
Safe  working  load*  wire  rope,  5-7 
Safety,  clearing  prior  to  excavation,  6-20 

to  6-21 

Safety,  ladders,  5-27  to  5-28 
Safety  program,  construction  administration* 
1-8  to  1-10 

duties,  1-8 

organization,  1-8 

training,  1-10 
Safety,  scaffolds,  5-36  to  5-37 
Safety,  woodworking,  4-42 


Sanitation  and  cleanliness,  painting,  14-1 
Sash  preparation,  12-47 
Saw,  concrete,  7-51  to  7-53 
Saw*sharpening  equipment,  3-11  to  3-13 

Scaffolding,  5-28  to  5-37 
bracket  scaffolds,  5-35 
pole  scaffold  construction,  5-29  to  5-32 
prefabricated  scaffold  erection,  502  to  5*35 
safety.  5-36  to  5-37 
swinging  scaffold  construction,  5-28 

Scrapers,  painting,  14  3 

Screeding,  finishing  concrete,  7-41  to  7-43 

Screws,  fastening,  4-35  to  4-37 

Seasoning,  lumber,  4-1 

Seawalls,  waterfront  structures,  16-47 

Self-leveling,  6-2,6-3 

Setting  glass  in  wood  and  metal  sash,  12-48  to 
12-49 

Shaper,  power  shaving  tools,  3-42  to  3-43 

Shaving  tools,  power,  3-37  to  3-45 

cai'e  and  maintenance,  3-44  to  3-45 
jointer,  3-39  to  3-41 
portable  power  plane,  3-38 
router,  3-37 
shaper,  3-42  to  3-43 
surfacer,  3-41 

Shear  legs,  5-21  to  5*23 
erecting,  5-23 
rigging,  5-22 
safe  working  load,  5-23 

Sheathing  paper*  9-43 
Sheathing,  plywood,  4-14 
Sheathing,  roof,  1001 

Sheathing,  types  of,  9-37  to  9-40 
gypsum,  9-40 
plywood,  9*39 

structural  insulating  board  sheathing,  9-40 

wood,  9-38 
Shed  roof  framing,  10-21  to  '0-23 
Sheet  piles,  heavy  constrt  ;tion,  16-24  to  16-28 

concrete-sheet  piles,  16*27 

fabricated  timberTsheet  piles,  16-26 

sheet  piling  repair,  16-28 

steel-sheet  piles*  16*27 
Sheet  siding,  1 1-22 
Shellac,  coatings,  1<M4 
Shop  drawings,  2-21 
Shop  radial  arm  saw,  3-29 
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Siding,  installation  of,  1 1-22  to  1 1-29 
bevel  siding,  1 1-23  to  i  1-25 
corner  covering,  11-25  to  1 1-2? 
drop  and  similar  sidings,  11-25 
fasteners,  1 1-22  ^ 
material  transition,  11-27 
sheet  siding,  1 1-25 
vertical  siding,  11-25 

wood  shingles  and  wood  shake  siding,  I  1-28 
Sul  framing,  9-}  to  9-5 

layout,  0-2  to  9-4 

placement,  9-4  to  9-5 
Single-acting  pneumatic  hammer,  pfle-drivin*: 

equipment,  16-30 
Size  designation,  fiber  lines,  5-2 
Size  of  line  to  use  in  a  tackle,  5-2  i 
Sizes,  plywood,  4-13 
Sketches,  freehand,  2-24  to  2-26 
Slides  and  cave-ins,  prevention  of.  6-22  to 
6-25 

sheathing*  6-23 

wooden  sf'eet  piling.  6--4  to  6-25 
Slump  tesU  concrete  mix  design,  7-1  2  to  "  M 
Snatch  block  and  fair-leads,  5-14  to  5-15 
Sources  and  characteristics  of  fibers,  5- 1 
Special  purpose  plywood*  4-14  to  4-16 

concrete  form  panels,  4-14,  4-16 

decorative  panels,  4-14 

overlaid  panels,  4-14 

sheathing,  4-14 

structural,  4-14 
Specifications,        to  2-24 
Spray  guns,  painting,  14-8  to  14-11 

airless,  14-9  to  14-11 
Spray  method,  applying  paint,  14-25  to  14-30 

care  of  the  spray  head,  14-28 

common  spraying  defects,  14-27 

lubrication  of  the  spray  gun,  1 4-29 

operational  defects  of  the  spray  gun,  14-26 

removing  the  spray  head,  14-30 

spray-gun  adjustment,  14-25 

spray-pauiting  techniques,  14-26 
Stains,  coatings*  14-14 
Stairs,  12-19  to  12-24 

stairway  construction,  I  2-23  to  1  2-24 

stairway  layout,  12-19  to  12-23 
f       nary  windows,  I  2-44 
Sicam  curing,  precast  concrete*  7-57 
Steei  bearing  piles,  16-22  to  16-23 

preservation,  16-23 

reinforcement,  16-23 


Storage  of  equipment,  paints  and  preservatives, 

14-36  to  14-37 
Storage,  plywood,  4-16 
Storage,  wire  rope,  5-8 
Straightening  piles,  16-42 
Strain^  ig,  paint,  14-23 
Strength  of  concrete,  7-2 
Strength  of  fiber  line,  5-3 
Striking  toots,  heavy  construction,  16-3 
Structural  clay  tile  masonry*  8-19  to  8-24 

eight-inch  structural  clay  tile  wall,  8-23 

eiglu-inch  .vail  with  four-inch  structural 
Jay  tile  backing,  8-22 

joint  finishing,  8-24 

mortar  joints,  8-21 

physical  characteristic,  8-l*>  to  8*21 

safe  handling  ol  block  and  hollow  ttlc. 
8*24 

uses,  8-21 
Structural  design,  2-1 
Structural  erection,  basic,  Butlerhut,  15-" 
to  15-15 

Structural  insulating  board,  9-40,  v-42 

installation  of  sheading*  <M2 

types  of  sheathing,  9-40 
Structural  numbers,  2-1  to  2-5 

horizontal,  2-4  to  2-5 

vertical,  2-2  to  2-4 
Structural,  plywood*  4-14 
Stucco,  applying,  13-17  to  13-20 

control  joints,  13-20 

preparation  of  base  a  A  application  of 
stucco,  13-18  ro  13-20 
Subtlooring,  9-1610^1? 

boards,  9-16 

plywood,  9-17 
Supervising  work  teams,  1*2 
Surface  preparation  for  paintmg,  14-14  to 
14-21 

blast  cleaning,  14-15 
concrete  and  masonr>\  14-17 
conditioners,  sealers,  and  fitters  14-19 

to  14-2! 
ferrous  metals,  14- 1 7 
hand  cleaning,  14-14 
nonferrous  metals,  14-17 
paint  removers,  14-17 
plaster  and  wallboard,  14-18 
power  tool  cleaning,  14-14 
wood,  14-18 
Sur facer,  power  shaving  tools,  3-41 
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Suspended  acoustic  ceiling  systems*  1 2-6  to 

mi 

ceiling  ule,  1 2-1  1 
installation,  12-8  to  12-11 

acoustical  panels,  I  2-1 1 

cross  tees,  12-10 

main  tees,  1  2-9 

suspension  wires,  1  2-9 

wall  angles,  i  2-8 
preparation  for  installation,  12-? 

grid  pattern  layout,  1 2-7 

material  requirements,  12-7 
Swinging  scaffold  construction,  5-28 


Tabk  method,  using  rafter  table  on  framing 

square.  10-6 
Tackir^ss,  prolonged,  paint  failure*,  14-34 
Tackle  safety  precaution*.  5-21 
Tackle  terms,  5-12 
Tactic,  types  of.  5-!6 
Tape,  handtook,  3-10 
Terminology,  brick,  8-24 
Thinning,  paim,  14-23 
1  de.  setting,  ceramic  tile,  1 1-2  1 
Tdt-arbor  table  bench  saw,  3-29  iq  3-30 

Timber  bearing  piles,  16-20  to  16-22 

preparation  of  piles  for  driving,  1 6-20 
preservation  of  wood  piles,  16-21  to  16-22 
reinforcement  of  wood  piles,  16-20 

Timber  fasteners  and  connectors,  1 6-1 3  to  16-15 
timber  connectors,  16-14  to  16-15 
timber  fasteners,  16-13 

Timbephandting  tools  and  equipment  heavy 
construction,  16^  to  16-5 

Timber  pier  construction,  16-42  to  16*44 

Timber  trestles,  heavy  construcuon.  16-15 
to  16-18 

constructing  a  timber  trestle,  16-1 7 
constructing  a  trestle  bent,  16-17 
constructing  the  superstructure,  16-18 
erecting  a  trestle  bent,  16-18 
^  nomenclature,  16-15  to  16-17 

Timekeeping,  1-3  to  1-5 
Tinting,  painf,  14-23 

Toois  and  equipment,  masonry,  8-1  to  8~2 


Tools  and  equipment,  painting,  (4-3  to  14-1 1 
abrasives*  14-3 

airless  spray  guns,  14-9  to  14-11 

brushes,  14-4  to  14-6 

paint  mixers,  14-1 1 

rollers,  14-7 

scrapers,  14-3 

spray  guns,  14-8 
Tools,  applying  plaster,  13-1 2  to  13-15 
Top  plate  and  solep!:te,  wall  framing,  9-19 
Trailer-mounted  field  saw,  3- It7  to  3-29 

field  radial  overarm  fieldsaw  safety,  3-29 

operation  of  the  engine  and  generator  set, 
3-22  to  3-26 

preparation  for  use,  3-17  to  3-22 

preventive  maintenance  services  and 
lu  brication,  3-26 
Transit-mixed  concrete,  7-19 
Trestle  bent,  16-17,  16-18 

constructing,  16-1  7 

erecting,  16-18 
Tnm,  exterior,  1 1-3  to  11-10 

vomiees,  1 1-5  to  1 1-8 

rake  (gable-end)  tnm,  1 1-9  to  1 1-10 
Tripods,  5-23  to  5-26 

erecting,  5-25  to  5-26 

rigging,  5-24 
Troweling,  finishing  concrete,  7-44 

Trusses,  roof,  10-28 
fabrication.  10-28 
handling,  10-29 
types,  10-28 

Turning  points  differential  leveling,  6-7  io  6-8 
selection,  6-7  to  6-8 

Types  of  brick,  8-25 
Types  of  ladders,  5-26 
Types  of  roofs,  10-1 
Types,  plywood,  4-14 


V 


Vacuum  blasting,  14-15 

Valley  rafterlayout,  10-12  to  10-17 

Vapor  barriers^  insulation,  I  2-17 

Varnishes,  coatings,  14-13 

Vertical  boanl  siding,  1 1-21 

Vertical  joints,  7-34 

Vertical  structural  mem  ben,  2-2  to  2-4 
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Wall  and  ceiling  coverings,  12*1  to  12-h 
gypsum  board.  12*1  to  12-5 
hardboard  and  fiberboard,  12*5 
plywood,  12*5 
wood  paneling,  12-5  U>  12*6 

Walt  training,  ^  I S  to  9-27 
braces.  9-21  to^-23 
framing  allowance,  9-24  to  9-2" 
gable-end  studs,  9-23 
laying  out  studs  for  cutting.  9-20 
partition,  9-2 1  v 
top  plate  and  >oleplate.  9-19 

Wall  sheathing,  outside,  N  -19  to  |  1-22 
horizontal  or\ert*cal  siding.  t>pe^  oi 

!  1-21  to  1 1-22 
iaon/ontal  siding,  types  of  t !  -20 
nonwood  suling  I  1-22 
^  wood  siding,  t  1-20 

Walk  torni^ork,  "-22  to  "-2? 

Water,  coj:  rete  insiiv  hents. 

Water,  placing  uoiKR-te  under.        t->  ~-4J 

Water,  piaster  ingredients  '1-4 

Water-cement  ratio  v^n^retc  jtk\  design 

7-  12 

Watering  snu_  lures,  U>-44  io  ]fi-4  ' 

breakwater^  and  ;ettiev  \  4" 

bulkheads  to  J  -  -^4  J 

groins,  !G-4/> 

moks  16*4" 

seawalls,  1 V4" 
Watertight  bhxk  waiK  concrete  ma^onr> ,  S-l1* 
Watertight  walls  bnck  <  onstnution,  S-4K 
WatertipJitness  jj  toncrete.  "-2 
Weathering,  resisUn^e  ,o,  X-2" 
WeltpotrU,  constniL  tion  in  the      ,  3  f>*4^ 
Wet  blading,  I4!f>  to  14>i7 
Window  and  door  openings  brkk  constriction, 

8-  45 

Windows,  interior  tmtsh,  1  2-42  to  )  2*4^ 
glass  cutting.  12-4  r 
glazing*  12-4* 

preparation  be  tore  giazmg,  I2-4T 

^sh  preparation.  1  247 

setting  glass  m  wood  and  a\ctJ  vj^h,  t  2-4H 

to  12-49 
types  of  alav>  f  2-44  to  f2-4'7 


Windows,  interior  finish  Continued 
types  of  windows.  1 2*4  2  to  12-44 
casement.  1 2*44 
double-hung,  12*42  to  1244 
stationary.  !  2*44 

Wire  rope.  5-5  to  5  I  2 

attachments.  5-10  to  5-12 
cleaning  and  lubrication.  5-H 
lailure,  5*7 
inspection.  5-9 
measuring.  5*o 
sate  working  load.  5 
storage.  5-8 

Wood  and  partieleboard  die  flooring,  1  2-29 

Wood  drill,  pneumatic,  lh-6 

Wood,  painting,  14*18 

Wood  paneling,  installation  ol"  4  2-5  to  1  2^ 

Wood  preservatives.  14*34  to  14-36 

Wood  shingles  and  wood  shakes,  11-12 

Wood,  sheathing.  9-39  to  9-42 

installation  of  sheathing.  9-0  to  ^-42 
type*,  of  sheathing,  9-38 

Wood  substitutes,  com  ..on        to  4  1 
eement*asbestos  board,  4-1  " 
fiberboard.  4-lh 
g>psum  tailboard.  4-P 
hardboard.  4-16  , 
part  k!c  board,  4-i  " 

Wood-trame  tents  15-15 
Wood-strip  flooring,  12*2?  to  12-2* 

Wood*tnm*msta!lation,  1  .-4vj  to  12  52 
ba>e  molding,  12*-c,) 
veiling  molding,  12-J  to  12-^2 
Woodworking  lathe,  3-47  to  3*50 
Woodworking  materials  and  int. thod>  4*1  to 
4-42 

common  wood  -MibUitutes,  4-th  to  4- 1 " 

vement-aSbes  os  tnurd,  4-3  ~ 

ilberhoard,  'f-lfr 

gypbuni  w  Jlboard  4  P 

hardboaru,  4-1 6 

particle  board,  4-i  ~* 
laminated  lumber.  4-10  to  4-1  ! 
lumber,  4-1  to 

board  measure  4-^ 

Jassifkation,  4-~* 

defers  a$d  NeiniJus  4  i  L  4  t>  to 
4-* 
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Woodworking  shop  and  field  tools  Continued 
hand  tools.  3-1  to  3- 13 
.haiklme,  3-10 
\  framing  square,  3*1  to  3-8 
levels,  3-9  to  3-10 
miter  box,  3-8 

saw -shanxnmg  equipment,  3*1 1  to 

3-13 
tape,  3-10 
power  tools.  3-17  to  3-53 

abrasive  grinders,  3-50  to  3-53 

bands**-',  3-33  to  3-34 

care  and  maintenance  of  powersaw 

blades,  3-34  to  3-37 
dn!l  press,  3-45  to  3-47 
^ber  saw,  3-3  J  to  3-32 
shop  radial  arm  saw,  3-29 
portable  electric  circular  saw, 

3*30  to  3-31 
portable  reciprocal  saw,  3-3*:  u>  3-^3 
power  ihavmg  tools.  3-37  to  3-45 
lilt-eibor  table  bench  saw,  3-29 

to  3-30 

trailer-m runted  Held  njw,  3-P  to 
3-29 

woodworking  lathe,  3  4*"  to  3-50 
W  rkabihtv.  roiuretc  nuv  design.  "M3 
Wnnku:u.  pamt  failures,  14-34 


Woodworking  materials  and  ■  'hods 
Continued 
lumber  Continued 

grading  (softwoods),  4-7  „  i  0 

handling  and  storage,  4-9  to  4-10 

seasoning,  4- 1 
methods  of  fastening,  4-33  to  4-42 

bolts,  4-3?  to  4-41 

glue,  4-41  to  4^12 

naiK  4  33  to  4-35 

screws,  4-35  to4-l~ 
miliworL  4-30  to  4  33 
pi\wood,  4-1 1  to 

grades.  4-!  3 

identification  stamps.  4-t6 
sizes,  4-13 

special  furpo<4  4- 1 4  to  4-1 6 
storage,  4-16 
types.  4-14 

^tetC-4-4: 

woodworking  methods.  4-17  to  4-30 
-a>ntour  cutting,  4-2^  to  4-30 
joints  and  joining,  4-1  7  to  4- 2y 
plomnsi  and  squaring  to  dimensions 

Woodworking  shop  and  field  tools,  3-1  to  *-53 
equipment  lor  holding  work  3- 1  3  to  3*  \ ' 


BUILDER  3&2 

NAVEDTRA  10648-G 

Prepared  by  t*>e  Ueval  Education  and  Training  Program  Development 
Center,  Pensacola,  Floriua 


•  our  irT  contains  a  set  of  assignments  and 
perforated  jwer  sneets  The  Rate  Training  Man- 
ual,  E^i  L  Jer 

NAVEDTRA  iOA43-'*         U  your  textbook  for  the 
NRCC.  If  aft  errata  sheet  comes  witn  the  MRCC, 
make  all  indicated  ranges  or  corrections.  Do  not 
change  or  correct  rne  textbook  or  assignments  in 
any  ot^er  way 


HOW  TO  CO*VL£TE  T413  COURSE 
SUCCESSFULLY 

Study  t*<e  textbook  page**  qwen  *t  tr.e  begin- 
ning of  eacn  assignment  before  trying  to  answer 
the  Ue**s   Pay  attention  to  ta&les  and  illustra- 
tions as  t*ey  contain  a  lot  of  information. 
Making  yOur 'Jjwn  drawings  can  ^e^  ypu  understand 
tfte  sutject  waiter.  Also,  read  the  tearing  ob- 
jectives tnat  Precede  the  set*;  of  items.  The 
learning  objectives  and  itens  are  based  on  the 
subject  natter  or  study  matenal  in  the  textbook, 
The  Objectives  tell  you  what  you  should  be  able 
to  go  by  UjdyHig  assigned  tex-jal  ^aten'al  artd 
answering  ine  Ue^s. 

At  thi*  DOmt  you  should  be  read^  to  answer 
the  tte^s  m  f\e  assignment.  Read  each  item  care- 
fully, Select  tne         ANSWER  for  each  iten. 
consulting  your  *extbook  when  necessary,  8e  su^e 
to  select  the  Dl'T  ANSWER  fron  the  subject  matter 
in  the  textbook    fou  why  discuss  difficult  points 
in  the  course  with  others,  ^iowevet    the  answer 
you  seleci  ^ust  be  your  ov*n   tte^ve  a  perforated 
answer  sheet  frorc  tre  back  of  this  text*  write 
In  tfce  proper  as-J^nnent  number,  and  enter  /ot.r 
answer  for  eacn  ite^, 

tojr         wiH  b*  a<Jmt * i cte by  yo*jr  com- 
mand cr,  in       case  of  s^l    f"^7Tiand>*  by  the 
ftavai  Education  and  framing  fvogroro  Oevelop^e^t 
Center.  No  natter  v*ho  administers  your  course 
you  can  complete  it  successfully  oy  earning  a  1.2 
for  eacn  assignment.  The  unit  breakdown  of  the 
co^rsa,  ?f  any*  is  sh*Vn  ?ater  unaer  *tevaJ 
3es«rv*  ^trrercent  Credit 


WHEN  ^OUR  COURSE  IS  ADMlH 1 GJEPED 
BY  LOCAL  COMMAND 

As  soon  *s  yVi  have  MMshetf  an  assignment, 
jubroit  the  co^r^trd  answer  f,neet  to  >he  officer 


designated  to  grade  it.  The  graded  answer  sheet 
wt'1  not  be  returned  to  you. 

If  you  are  completing  this  NRCC  to  become 
eligible  to  take  the  fleetwide  advancement  exam- 
ination, follow  a  schedule  that  will  enable  you 
to  complete  all  assignments  in  time.  Your  sched- 
ule should  call  for  the  completion  of  at  least 
one  assignment  per  month. 

Although  you  complete  the  course  success- 
fully, the  Naval  Educat'on  and  Training  Program 
development  Center  will  not  issue  you  a  letter 
of  satisfactory  completion.  Your  command  will 
make  an  entry  in  your  service  record,  giving  you 
Credit  for  yGur  work 


WHEN  YOUR  COURSE   J S  ADMINISTERED 
BV  THE  NAVAL  EDUCATION 
AND  TFAWING  PROGRAM 
DEVELOPMENT  CENTER 


After  finishing  an  assignment,  go  on  to  the 
ne*t.  SeUin  each  completed  answer  sheet  unti1 
you  fimsh  at*  tne  assignments  in  a  unit  (or  ;n 
the  course  if  it  is  not  divided  into  units), 
usinj  the  envelope*  provided,  mail  your  com- 
pleted answer  sheets  to  the  Naval  Education  and 
Training  Proqrarc  Development  Center  wher^  they 
vyill  be  graded  and  the  score  recorded.  Make  sure 
all  blanks  at  the  top  of  each  answer  sheet  are 
fiiled  in.  Unless  you  furnish  all  the  informa- 
rion  required,  it  will       impossible  to  give  you 
credit  for  your  work.  The  graced  answer  sheets" 
will  not  be  returned. 

The  Naval  Education  and  Training  Program 
0*?ve*"prcent  Center  will  issue  a  letter  of  satis- 
factory completion  to  certify  successful  comple- 
tion of  the  course  (or  a  creditable  unit  of  the 
course).  To  receive  a  ^curs^-completion  letter, 
follow  the  directions  qiver  on  the  course-com- 
pletion foni  in  fie  hack  0*  this  WR*/ 


^ou  -nay  keep  the  textbook  and  assignments 
for  tnis  course.  f?e:urn  thorn  only  in  ttje  event 
you  disenrotl  from  the  course  or  otherwise  faff 
to  couplet**  the  course,  directions  for  returning 
the  textbook  and  assignments  are  given  on  the 
bno*;-return  for*r,  i*  the  back  of  this  ti^CC. 


6* 


PREPARING  FC^  YOUR  ADVANCEMENT 
EXAMINATION 

Your  examination  for  advancement  s  based 
on  the  Occupational  Standards  for  your  rating  as 
found  in  the  MANUAL  OF  WWY  ENLISTED  MANPOWER 
AND  PERSONNEL  CLASSIFICATIONS  ANDlfcCUFATIOKAL 
StSfl&ARDS  (NAVFERS  18Q68),  These  Occupational 
Standards  define  the  minimum  tasks  required  of 
your  rating.  The  sources  of  questions  in  your 
advancement  examination  ar*  listed  in  the  Si BU * 
QGRAPHY  FOR  ADVANCEMENT  STUDY  (NAVEOTRA  itffiTT 
For  your  convenience,  the  Occupational  Standards 
and  the  sources  of  questions  for  your  rating  are 
combined  in  a  single  pamphlet  for  the  series  of 
examination  for  each  year,  These  OCCUPATIONAL 
STANDARDS  AND  BIBLIOGRAPHY  SHEETS  (called  Bib 
,  Sheets),  are  available  from  your  ESO,  Since  your 
textbook  and  NPCC  are  among  the  sources  listed 
in  the  bibliography*  be  sure  to  study  both  as 
you  take  the  course.    The  qualifications  for  your 
rating  may  have  changed  since  your  course  snd 
textbook  were  printed,  so  refer  to  the  latest 
edition  of  the  0ib  Sheets. 


NAVAL  RESERVE  RETIREMENT  CREDIT 

I  hi?  course  *  s  eva l^atod  a  t  24 
I*  t'/a  1  l-^^t-i'Vv  r  el  x  rement  po  1  nts  .  Th^o 
;  uM.i    i  r*?  'T^d  1 1  ^ble  to  per  Sonne  1  til  i- 
i  ^  vj  U*  t  v  ;  i;  »;ive  them  antser  cur  rent 
li^.JU'        I  j  .'LTn:  n  ;  rc-ti  recent  of 
ja  1  t^^'i"1'  ;  -or  serine  1 .     Points  will 
■  t-.'  j   .  :4         ts  uj  '-r>  £  a  1 1  s  f  sic  t  or  v 

1    ■■*  *.  - r      *    *  ^   isr>  i  5 nnef*  ts  is 


COURSE  OBJECTIVE 

Whale  compl£tirt9  this  nonresident 
career  course,  yOo  will  demonstrate  an 
understanding  of  course  materials  by 
correctly  answering  items  or*  the  fol- 
lowing :     pri nciples  of  job  planning, 
supervision,  and  labor  ac  .cuntm^; 
fundamentals  of  ths  Personnel  Readi- 
ness Capability  Program  and  accident 
prevention  programs;    techniques  of 
usirg  plans,  details,  elevations,  and 
apeci t icat ions;   lumber  clussif i cations 
and  storage  methods;  operation  and 
maintenance  of  woodworking  hanUtoi>ls, 
power  cuttin9  tools,   aad  spray  pamc- 
ir^g  equipment;   use  of  the  t  raming 
square  to  solve  carpentry  problems/ 
fundamentals  of  rising,  scaffolding, 
leveling,  grading,  and  excavating; 
techniques  of  mixing  placing,  finish- 
ing, ^nd  curing  concrete-  coi-.se  ruction 
of  Light  wood  frame  strueWrvs  and 
masonry  structures;   layout  ±r.d  instal- 
lation of  floor,  wall,  and  ceiling 
coverings;  maintenance  and"  repair  of 
Vocd ,  masonry ,  and  m^tal  structures ; 
t-?chniiiu€&  of  opply pa; nts  ar*d 
j-_nnL  materials;  erection  of  timber 
m  i  isc tyres l,  prc-er.gj  neer^d  buildings , 
and  advanced  base  structure ;  and 
operation  *nd  iMirtenince  o£  en^m^- 
J riven  an  compressors,  portable 
jonerator^,  concie^e  piping  machines , 
ajvs  trc*  *  Ift-nJOjrited  i  tela  saws  * 


\  through  i 
\0  throujn 


While  working  on  this  correspondence 
course,  you  may  refer  freely  to  the  text. 
You  may  seek  advice  and  instruction  frorc 
others  on  problems  arising  in  the  course, 
but  the  solutions  submitted  must  be  the 
result  of  your  own  work  and  decisions. 
You  are  prohibited  from  referring  to  or 
copying  tne  solutions  of  others,  or  giving 
completed  solutions  to  anyone  else  taking 
the  samexourse. 

 ,  ,  


naval  courses  may  include  3  variety  of  questions  —  multiple-choice*  true-false,  matching*  etc* 
The  questions  are  not  grouped  by  type',  regardless  of  type,  they  are  presented  in  the  same  general 
sequence  *s  the  textbook  material  upon  which  they  are  based.    This  presentation  is  designed  to  pre- 
serve continuity  of  thought  permitting  step-by-step  development  of  ideas.    Some  courses  use  many 
iypes  of  questions,  others  only  a  few.    The  student  can  readily  identify  the  type  of  each  question 
(andUhe  action  required}  through  inspection  of  the  samples  given  below. 

MULTIPLE -CHOICE  QUESTIONS 

Each  question  contains  several  alternatives*  one  of  which  provides  the  best  answer  to  the 
question.    Select  the  best  alternative,  and  blacken  the  appropriate  box  on  the  answer  sheet, 

SAMPLE 

s-K  Tne  first  Person  to  be  appointed  Secretary  Indicate  in  this  way  on  the  answer  sheet: 

of  Defense  under  the  National  Security  Act 
of  1947  was 

1.  George  Marshall 

2.  James  Forrestal 
3*    Chester  Nimitz 
4,    William  Halsey 


TRUE-FALSE  QUESTIONS 

Kark  t^ach  statement  true  or  false  as  indicated  below.    If  any  part  of  tne  statement  is  false 
the  statement  is  to  be  pnsidered  false.    Make  the  decision*  and  blacken  :he  appropriate  box  on  tne 
answer  sheet. 

SAMPLE 

s-2r  Any  naval  officer  is  authorized  to  corres 
pond  officially  with  any  systems  command 
of  the  Department  of  the  Navy  without  his 
comra.iding  officer's  endorsenient. 


HATCHING  QUESTIONS 

Each  set  of  ^oestions  consists  of  two  columns*  each  listing  words*  phrases  0^  sentences.  The 
task  is  to  select  the  item  in  column  6  which  is  the  best  match  for  the  item  in  column  A  that  is 
being  considered.    Itens  in  co^umr  B  may  be  used  once*  mere  than  once*  or  not  at  all.  Specific 
instructions  are  given  wUh  each  set  of  questions.    Select  the  numbers  identifying  the  answers  and 
blacken  the  appropriate  ooxes  on  the  answer  sheet. 

SAMPLE 

In  Questions  s-3  through  s-6>  rcann  the  ;>ame  of  the  shipboard  officer  in  column  A  by  selecting 
from  column  8  the  m<<ne  of  tne  department  in  which  the  officer  functions. 

A  &  Indicate  in  this  way  on  the  answer  sheet- 

s-3.  0ama9e  Control  AS^istan^ 

s-4.  CIC  Officer 

s-5.  Disbursing  Officer 

S-6.  ConmunrCations  Officer 


Indicate  in  this  wcy  on  the  answer  sheet: 


12      3  4 


6  m  □  □ 


1.    Operations  Department 
i,    Engineering  Department 
3.    Supply  Department 


h 

2 

m 

3 

D 

4 

m 

s-4 

m 

□ 

□ 

□ 

s-5 

a 

□ 

m 

□ 

s-6 

m 

□ 

0 

□ 

Assignment  1 

Construction  Administration  and  Drawings  and  Specifications 


Textbook  Assignment;    Pages  1*1  through  1*10  and  2-1  through  2-30 


In  this  course  You  will  demonstrate  that  learning  hag  taken  place  by  correctly  answering 
training  iteias.    The  meti-  physical  act  of  indicating  a  choice  on  an  answer  sheet  is  not  in  itrelf 
important;  ic  is  t;*e  mental  achievement,  in  whatever  form  it  may  take,  prior  to  the  physical  act 
that  is  importer  and  toward  which  course  learnings  objectives  are  directed.    The  selection  of  the 
correct  choice        a  course  training  Lteir  indicates  that  you  have  fulfilled,  at  least  in  part, 
the  stared  oJ-.»ective{s), 

ine  accorapiiBhsaent  ct  terrain  objei  tiviis,  for  example,  a  physical  act  such  as  drafting  a 
=*emo,  cannot  readily  be  determined  by  taeens  of  objective  type  course  Items;  however,  you  can 
demonstrate  by  ^eans  of  answers  to  training  iteras  that  you  have  acquired  the  requisite  knowledge 
so  perform  the  physical  act,     The  accomplishment  of  certain  othet  learning  objectives,  for 
example,  the  atftiial  acts  of  CGtrtpa"in&,  recognising,  evaluating,' choosing,  selecting,  etc.,  may 
he  readily  demonstrated  in  a  course  by  indicating  the  correct  answers  to  training  items. 

The  c*>^rehe-jsiye  objective  fot  this  course  hsa  already  been  given,     Tt  states  the  purpose 
of  the  ,  ourie  in  lems  of  what  you  will  be  able  to  do  as  you  complete  the  course* 

The  detailed  objOrtiws  in  ej.ch  assignment  state  what  you  should  accomplish  as  you  progress 
through  "-hiTcoiri*.    Th*y  m*v  appear  singly  or  in  clusters  of  closely  related  objectives,  as 
appropriate;  they         fosWed  b/  Kerns  which  will  enable  you  to  indicate  your  accomplishment, 

1  obtoctive.i  in  thi^  ici^*^  ^re  _e^rjUn^  objectives  and  Items  are  teaching  items,  Thev 
?oinit  out  i^ortant  things,  th*  y  assist  in  learning,  and  thev  shcuU  enable  you  to  do  a  better 
j^b  for  the  N<*w. 

This  3ell-£tcdy  course  is  only  ^ne  Part  of  rhe  total  Navy  training  program;  by  its  very 
nature  tt  c*m  tiki?  you  onh  part  oi  the  way  to  a  training  goal.    Practical  experience,  schools, 
s^Iect^d  reading,  ,inJ  th*-  dt-sire  to  accomplish  are  also  n^c^s^ary  to  round  out  a  fully  meaningful 
training  program* 


Learning  Objective:    Denote  the 
principles  and  techniques  a  crew 
leader  applies  in  job  planning, 
supervision*  ar.d  production. 
Textbook  pages  1-1  and  1-2* 


1-1.     fn  first  otcomiri^  a  petty  otficer*  you 
take  Off  the  additional  res^onsibil  tries 
of  a 

1,  company  clerk 

2.  project  injana^^r 
3-  ttroject  estimator 
4,  crew  1  *aoer 

1-2-    When  placing  a  proper  you  must  consnoer 
Mj©  opdbiiity  of  youi:  :  rev*       well  as 
ruf>  tvO*s  a*yl  fl^ui^s-rt  /->U  r,ec-i , 


1-1.  To  insure  that  a  job  is  completed  on 
schedule,  you  should  do  which  of  the 
following? 

1.  Order  e>tra  equipment 

2.  Conduct  disaster  control  traimnq 
3t  Demand  quantity  work 

4.  Encourage  teamwork  and  establish  goals 

1-4,    Crew  members  who  are  doing  their  ]obs 
wrong  should  be 

1.  placed  on  report 

2.  assigned  extra  work  so  tbey  can  leaifi 

3.  stopped  and  given  correct  lob  pro- 
cedures 

4-  transferred  to  another  crew 

1-S,    Of  the  following  factors,  which  will 

wiafcle  a  crew  leader  to  develop  teamwork 
among  members  of  the  crew? 
I,  B ■>  insuring  they  understand  what 
o^ties  they  sh^uli  perform 

2-  By  providing  additional  training  for 
th^m 

3-  By  explaining  why  they  are  domq  a 
particular  job 

4.  Each  of  th?  -ibovc 


GUI 


l*«*4ti  rjih'j  '  1  j<'  tiv^:      >£-tviiy  the 
l'r'jta<*JuiVB  used  in"  mi**  rial  r*>|ui- 
SLtlomn^t     Textbook.  |  *^     I-J  arid 
1-3. 


Whi^h  f        does  a  KvUi*j  uianully 

ust-  for  oid.it:in^  Mi.rj  l 

1,  MAV&UP  form  l25o 

2.  DC  Form  I J  4b 

4.  ttAWul    Korro  1 1 4-* 

■,f  th"  following  nL'1  tramm^  manual  >, 
wiU/Js  offers  information     u  the  NitLuru  1 
itovk  Number  ^ysten-!.' 

1  .  Military  R<^iuii  f>ir?^nts  for  iity  ri.ii,  *r 

J  *  Bluepi  int  Rt>adii'^  an  1  ..k-'tv  ftii)*? 
K  T^ul^  and  Thvir  Ub  ■* 
4-  -  *n*tr  notim-m 


1,0'Unwq  L  ;1>  t ;  v#- *  Si>t"_  i  t  >  Liu* 
i  ur^i1  of  if'|''rtiri4  )  lLor  hours 

USfd  Ofi  <flWt\   I'twyn  t£,    t  ht-  r.altj- 

■jcnc**  t,f   liboc,   lml  thf  tvj  J  ut 
liit  artu>t  i^n  th_!t  1^        i|ci  i'i  Mr 
id  l  ly   Lai  jo  r  tils*  c  iLutiun  t  ef  or  i. 
.*/.'book  ^  i*t^s  1-t  thioa-lh  1-7. 


A  lab 


-d 


^     In  aijswerrrvj  items  1-1*:  .nul  1-13,  refer 
to  textbook  fujure  1-1. 

1-1.*.    The  identifying  oode  Jur  an  <^rrbarkdtiori 

1.  X0-> 
t-!03 

4T  l^j^l 

i-J  K     n  yi.u  attend  a  KM.k'r^iis-  ^_Uool  at 

f'uit  Huoiif*©**.  y*>ur  t  mif  will  L#*  reported 
on  th^*  dany  ticii'Lird  undoi  the  ideriti" 
fymg  tvJc  <.d 

1  r 

■1T  ri^4 

Refer  to  the  tvjitbook  fi^w  1-1.  The 
/  hours  shovm  for  Aan>n  t  '-^r^s^iiL"  time 
s;int   in  which  cHiqoiyJ 
\  .  Training 

Di&u^tet  control  op-i.iti*  s-.t. 
i  *  overhead  labor 
4  *  li#  lir^  t  Jailor 

.    i  j  .     Aft*i   betn</  filled  out.    \  dailv  Uu*n 
•■}  i  T,t  i  i but  tor:  rt^ort  f  >rn   d.oaId  be 
i  ra  til  ^U'd  k  jy  tVsf 
1  .  tome  n\y  A\n  f 
.\  [  iatoon  t  <  tflttiandc*! 

J        't\'\  any  ,  <  rruTkindt'i 

!  -  If. .     rho   Inly   laix>r  il  i  sti  i\  m*  i  ^H  t  fjn  #i  t  ^ 
from  "AJi  _o^|  tn>  at^:  k  j  jji  j  i  1  -  ■  i  ajuJ 
*  M  1  x    t  ht* 

E  .  t|rr  iriuii.v      f  i 

' .  man  i  j*  -  At*nt  di  v  i'>  i  *si  ■  '  ■  n  -  i  in- 
*.       f*r  it  u;n,  hn»f 


*-'.at  ru.vt  i,^  T  *■ 1 1  * 
:  jrfT'  i  r  * H;  s*  11*  ^  ; 

*  .  ¥     S  *     \  \\S    X    "\\    .  -  l 

[at* ' i   "  i .  i*     'j",*  r  \ 
:  4it    ■    i  i  r.    '  1  ,  f  -  ' 
flii  I'M   »    .■ r  f  < 


iT.f  i.  rroat  ion  ft^m  the  Kilwr  dr.- 

^rjb^r  on  r^j  urt   aeivea  js  i 
r"i-?tt   fo  the  <'pfir*i  t  lorji-  'jfti-  (,r  is 
wt  )  l   i  ,  ,i  ,  oust  ru  t  lutt  ui'i'i 
"Ji^JyM*;  f'>i  whi'        1"  T!t-  f-d  low- 

in  j  }  t 1  r  fi  Tiiad  " 
L  *  iri  w  l^ioer  ^ 

*      ^'Ik1      ^itij  ai  ,*   ■  fl  1  J  '  ( 
i .  /■.  j  I  i  I   *       alj  v  '* 


■  ipi"   M  th-;  rt  t riTi'  l      a  In,- 

;  ^  il'l  1  - 1  T    M  m*  ^    iiVil)    ajd  1 


^ 1  i  i  .  i 


pftCt  prt>vidi-j  ol  I^l  tmq  mfunui  i'  n 

■^n  which  t<-i lowing  s^b^its, 

L  *  Prede^ioyment  £'1  aiming 

2    Readiness   -onditioji  "■f  Kf  t 

Training  publication^  avulablf 

the  MCF 

-1 .       l      nvil  i*  *r y  s*»r vi .  *    -  1  i  ..i*  ;  rt 

I-IV.     N**wiy  tu^uirt'ti  skiiK  ,*r^  t-fwri"ii  * 
which  of  thQ  f  »1Lowuh  iri'it  l/ 

2.  Com^<anjr  c^;wiiar,der 
i.   Company  cie*  k 

4  .    FRtJ     t  i  'li.'.  It'll 


bi  ttu? 

1  .  sa£ety  ;hx«"i 


lit-'  »  •  ■! 


r  l 


W:r  it  is  tne  i  r  *m;r-r  ■  ,t 
!.       Ifjvt'i  ri   i  safer*  i^.triit*  i,\ 

J,  T.    Jx^u  l  itio  H?rS'jriT^  1  ~L±  -  -tr» 
i ,   To  t;itc'.    i  Ljtr  a  1  lrin  *  ^  Ml  * j t  j  h 


1-20.     Ak  the  lea-Jei  of  a^crew  working  on  a 

construction  project,  you  are  responsible 
for  which  of  the  following  duties? 

1.  Training  your  crew  members 

2.  Collecting  unsafe  practices  and 
conditions 

Executing  certain  procedure?  should 
a  crevmeisiber  be  involved  in  an 
accident 
"t.  All  of  tho  above 

i-'>.     Who  is  responsible  for  conducting  short. 
■mk'j  a  we^k.  standup  safety  m^et  inqs? 
1 .  Safety  cbiot 
2 »  Safety  officer 
J.  ::rev  petty  ^£f i>  i-r 
-5 ,  Cujrpany  ^hief 

1-.    ,     I j,  addition  to  discussing  project  safety 
luring  stai.dup  safety  meetings,  which  of 
tho  following  topics  of  concern  should 
t" -  xn-:l uded? 
]  .  Vuhi,  le  safety 
.. .  Pr^start  t^h^cks 
1    Fquij-fiiert  maintenance 
•  l .  All  of  *ho  above 

i ■  .      teiieral  information  aboat  ^  argc  vehicle 
r  '    tv         prestart  checks  may  be  found 

vhivh  publication? 
i*  n  n1- t f  J?t lunman  only 

hquirru*?.t  Operator  only 
i .  Cf?rrST  f  u-.  t  ifjjjjndn  or  fj*3  it  intent  )pt-rator 


-  -i?  l  f  t   v  i  .  t 

m  i  :  <  li    i>  s  L*_*  -mi      j  t  -  it1  ^ 

,     ^iSJl       t  jat*'  ill  L  .     *  ,J       E  i 

t',-  j  r        *  : 


i l  h  if"ty   ir  iu    *i  :  - 
+       r  l  b      r     t  '  ^  A   *  : 


rfl'a*   i*"  ^1ftr'1  of  the  mos*  j.rj^ti^al  safety 
'  •  ■  hni  jue^  th»it  y^.w  a^  a  .rt?v.  ladder. 
■     ijpj.  1  y> 
I  .  Staiidup  mt»ot  my 

■ .  I^fpr itnandinq  v^oiator^  in  view  yf 

t  h*'  i  r  p^ors 
Jk  D<?sL^rt-it  ir-^i  a  crewmeiftber  .ih  yem 

saf ot>  representative 
■i.  Ia ►aj^r &hi  |  by  example 


r,*arn i fiq  flb jtK'tive;    Explain  the 
te-iPiS  relatmu  to  common  struc- 
tural ambers  ^nd  the  l  urpoSe  of 
t!i+^e  m^nibers.     Textbook  pif|e^ 
2-  ■  thr  ju^r,  . 


l!>    I'.il  tujpvirt^l  by  the  st  ru'-.t-arai 
■"i  psb-'r.*  it  any  one  tir*>o  Jun^nt.i  of  the 
loads  only 

,    l  iv*-    lur  ds  olily 
\ .  P-ad  plus  t  h«-  t-itii  liv*? 

]  >rl 


1-J4. 


1-31*    Ot  the  following  supports,  which  provj.de  1-38. 
immediate  support  for  the  live  loads  in 
a  structure? 

1.  Footings 

2.  Horizontal  members 

3.  vertical  mernbers 

l-$2.    which  is  the  best  definition  of  an 
outside  wall  column? 

1.  It  is  usually  located  directly  over 
the  inside  lower  floor  columns. 

2.  It  rests  on  the  ground  and  extends 
to  the  roof  line. 

3.  It  is  a  high-strength  horizontal 
structural  member* 

4.  It  is  a  high-strength  vertical  struc-  1-39. 
tural  member  usually  extending  from 

the  footing  to  the  roof  iir.e. 

1-33.    What  type  of  column  is  used  m  buildinq 
construction  to  support  the  lowermost 
horizontal  structural  members? 

1.  Bottom  floor  inside  column 

2.  Outside-wall  column  1-40. 
J.  Upper  floor  column 

A.  Short  column 

What  is  of  the  wall  studs  and 

supports  the  roof  framing  ne-mbers? 

1 .  Header 

2 .  Rafter  plattt 

3.  Stud  1^4] . 
i.  Sill 

1-3-:,    What  structural  m^mb^r  supj-orts  the  fWids 
of  a  i',i>t  : wood-f  ramo  construction/ 
1.  Girder 
i.  Bridging 
3.  *tud 
•  ■  Lintel 

l-ii>.     Tne  t^ik  t^d^    f  r.ifttsr->  ji^  suijorrfW 
by  the 
1.  purlins 

rafter  (,jjt<'s 

3.  nd^ 

4.  stutte 

1-3"?*     The  *J*?f  l^'-T  v%n  :4U»eii  in  a  *0-foot  b*?am 
by  a  con.entr  it*-rd  load  of  5  tons  is  tuc 
9reat  for  structural  integrity.  If 
supports  ^annot  be  Established  alon^  the 
b**am,  whdf    jtn^r  structural  member  can 
be  u^ed  tu  ad*1  lu-ateiy  supi^ort  thti  £o<id/ 
1.  Pitir 
^.  Truss 

i.  Suspension  .rabl^ 
4.  Kafter 


A  framework  of  members  which  increases 
the  strength  of  a  load-beating  member 
spanning  a  space  id  a 
1*  chord 
2  *  .truss 

3.  gusset 

4.  301st 


Learning  Objective:     Idei.tify  tech- 
niques of  using  plans*  elevations, 
details,  and  specifications.  Text- 
book p<*g&s         through  2*24. 


For  what  type  of  drawings  is  the  end 
result  of  the  combination  of  engineering 
and  architectural  design  sketcnes  used? 

1 .  Symbol 

2.  Perspective 

3.  Combination 

4 .  Construction 

Where  are  you  most  like IV  to  find 
information  on  items  too  snail  to  appear 
on  general  drawings? 
1-  Detail  drawings 

2.  Assembly  drawings 

3.  Bills  of  Materials 
A  *  Specifications 

which  of  the  following  is  tht-  architec- 
tural symbol  for  brick*  ^  ^hown  f r 
elevation  drawings? 


fir,- 


1-42  - 


Which  of  cte  following  is  the  architec- 
tural *y**>l         a  double  door,  opening 
out,  where  the  threshold  i*  in  an 
exterior  masonry  wall? 


1-45,    What  is  thy  e 
outlet? 


lectneal  symbol  f^r  a  wail 


© 


«  o 


4 


plumbing  symbol  for  a  bathtub? 


2  -HXH- 


1-47, 


4  CD 

»*t  is  th«  hating  symbol  for  a  standard 
roof  venditor  as  shewn  on  ai.  elovat.on 
drawing » 


1-49. 


"1 

-0- 


1-5C 


A  plot  plan  is  most  Ukelv  to  prosent 
information  about  the 

1 ,  matenaU  to  be  used 

2,  location  of  windows 

3*  ref^rt-rtce  or  base  l^n*. 
4.  loorttion  ^  studs 

in  order  to  determine  tiu>  dimen^uns  and 
arrangement  of  x ooms,  should  rofer 

to  what  type  of  plan? 

1.  Plot 

2,  Foundation 
3*  Floor 

4t  Sli.^ 

To  which  of  the  follows  plans  drawings 
should  you  refer  when  determining  the 
type  of  wall  and  roof  covering  to  be 
installed? 

1,  Elevation 

2.  Floe 

3,  Plot 

4.  Foundation 

tfo  check  the  overall  height  of  the 
finished  floors,  doors,  and  windows, 
you  should  consult  the 

1  *  plot  plans 

2  *  elevations 

3.  sections 

4.  floor  plans 

fchat  type  of  plan  shows  you  the  dimen- 
sions, number,  and  arrangement  of 
structural  members  in  wood-frame 
construction? 
K  Foundation 

2.  Floor 

3.  Wall  framing 

4.  Framing 
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A*     To  fn*d  out  vnat  bi  idling  i  s  to 

■-hi ■  j:  i    wii *  ii t  t  + .. 

1.    StK  t  ions 

^.    f  1  Ol    f J  iftunj  . 

W-Uii^  a >*  a  Lr  1  >  -  f »  t  w j  1 1 ,   y  ni  sii  j  jl.i 

^  .     lev  a*  u  r.s 
}.   f  *oor  :  r  inir.J  f  i 
4-  :  t^- t  i  Ma. 


„c:  str  s  t : 


li  4Wla-i^ 

i  w  All  o:  t . it ^ ,v ■ 

s  tiii- 

'ell       W  s        :  .1  ■  - 


Jr  ]«  L  r    m  ►  . 


rtf.  1'.    t^j-     ,t    ir  i* 


1-59.    To  find  out  wh^t  grade  of  lumber  is 
retired  for  tho  wind<>w  sashns  oi"  a 
struct  ur^.  you  should  coital  t  thy 
1  .  s|  i1.  i f  icc"»t  lorw 
,  ,  se*.  t  ions 
* .  ol^vat ions 
■i .  f  loor  i  l.^i,^ 

Government  S^f^i  f  i<_  Jt  io;-s  art-  j  rovidt-d 
f**r  the  diffef^iH  sr-*tt*rid  1^*  ^ou  wxll  be 
jsiii^.     WJi^n  will  yo<j  rt-ff^r  t<^  tin*  ASfM 
-ij  oci  f  icati^iis? 
1.  Whoinr'er  i^ssibl^ 

Whon  rndter\al  is  i^>t  coVurt-d  by  <i 

^ovt?rrxicrit  s^oci  f  lc^t  ion 
jT  Wh^;i  nultort^l   is  :ovrM  by  a  MAVFAC 

st  f-o-l  f  lv  ut  lot 
-i .  Whvn  material   is  not  covf.-r*-d  by  j 

n 1 1 1 1 iiT \  s:      i  j" st.  ion 


Tt>)£T;>>oTi  i\ttjf-^-  2-24  ^n^i 


I  jiTjfi.  for  frtM-haiid  jon^il  sK'*t*  *\rf* 

js'tili/   lra%r  by  iflt-stn1?  i/f  j 

i .    or  l--.>    ;  um  fori"  ia  . 

3.  v^rit^  ;-f  .tliorr  *tr^V* 


I*'*  Z\>r  t^XttOiJr     fit;, IT"  >J] 

I  -  X  TJ  - 

-  .   I  in . 


1T  a":        -.jt:  m  ■ 


■•s-'r  to  tt-x',L       ; ;  ,  jr- 


ji  f  r 


,  .  <  1  .  m. 
T   i  1  4  i*.. 


1.  y7  ft  4  ]C  l^,. 
^.    +7  f*,  ;   K,  »r- 

■ '  ft  -s  n  i*  M.. 
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i-tS      The  measurement  100,43  feet  converted 
into  feet  and  i^hes  to  the  nearest 
thirty-second  *f  an  inch  k-acoaes 
I.   100  ft  3  ^  32  in, 
LOO  ft  5  5  32  in, 

3,  LOO  ft  7  3  32  in, 

4.  1JQ  ft  7  6  32  in, 

i-ofc*    To  '-n*  n^rost  siXty-fvurt:.  „t  *n 
equal* 

1.  IS  £4  in. 

2,  lt>.  64 

3.  :4,fc4  in. 

4,  4 J  t>4  in, 

jiow  much  »wrt*r  will  be  i**4e<l  * 
rwO-siuare  foot  vail  containing 
bricks  and  195  cubic  feet  of  Mtar 
:trr  l,vOC  s*juar*  f*et  of  wall? 
i.  .r  it 

li"     .u  ft 

IE ,  vTJ  tt 

i,  -u  ^ 


l-t>B, 


When  1.5  cubic  feet  of  coment  are 
r-quired  to  produce  5.5  cubic  *ect  of 
concrete,  ho*  much  cement  is  r  quired 
tc  i  reduce  a  cubic  yard  of  the  eonciet*: 
1 .   3 , 3  cu  f t 
:.  4,     cu  ft 

3.  f,4  :u  ft 

4,  ».l  CU  f- 

Which  formula        ust^  f--r  Eindisa  tne 
hy^tenus**  vf  4  right  tr^r.:U- 


AJ  + 


6'  /  * ; 


Assignment  2 


Drawings  and  Spec tfications  (continued! ^Woodworking  Shop  and  Field  Tools 
Textbook  Assignment:    Pages  2-28  through  2-33  and  -M  through  3-30 


Learning  Objective  (continued); 
Perform  basic  arithmetical  opera- 
tions and  conversions  of  measuring 
units.    Textbook  pages  2-28 
through  2-33. 


In  answering  2-1  through  2-5,  select  from 
column  B  the  formula  used  to  determine  the 
quantity  in  column  A. 


A*  Quantities 

2-1*    Circumference  of 
a  circle 

2-2,    Area  of  a  right 
triangle 

2-3.    Circumference  of 
a  cylinder 

2-4*    Volume  of  a  rec- 
tangular solid 

2-5-    Volume  of  a  cone 


ff^Jflrj^las 

1.  1/2  BH 

2.  1/3  '  22/7 

3.  LWH 

4.  22/7  4  D 


2-6*    A  circle  with  a  diameter  of  5  inches  viH 
occupy  an  area  of  about 

1 .  17,4  sq  in. 

2.  17.8  sq  in. 
3-  19.2  sq  in. 
4.  19.6  sq  in, 

2-7*    fcrhai  is  the  area  of  a  regular  5-sided 

polygon  whose  sides  ore  20  inches  long  and 
the  radius  of  the  inscribed  circle  is 
12  inches? 

1.  720  sq  In. 

2.  650  sq  in. 
3-  620  sq  in. 
4.  600  in. 


2-8.    Find  the  volume  of  a  pyramid  whose  base 

is  6  by  10  Inches  and  heighr  is  24  inches. 

1.  220  cu  in. 

2,  360  cu  in. 
3-  430  cu  in. 
4 .  520  cu  in. 

2-9,    What  is  the  square  root  of  6v7,241  carried 
out  to  two  decimal  places? 

1.  805,35 

2.  820,18 

3.  835,00 

4.  850,03 

^    For  items  2-10  and  2-11,  applv  the  arithme- 
tic method  of  extracting  square  root  to 
find  the  square  root  of  529. 


2-10,  The  initial  step  is  to  divide  the  digits 
into  groups  as  follows:    5  29.  The 
second  step  is  to  find  the 
J  -  largest  factor  of  ^ 

2.  largest  number  whose  square  ron- 
tained  in  5 

3.  largest  number  whose  square  is  con" 
tained  fn  29 

U  .  square  root  of  5 


2-11.  The  second  steP  yields  the  first  digit  of 
your  answer.    This  digit  is  squared,  the 
square  is  subtracted  from  5,  and  the  re- 
mainder brought  down  along  wf th  the 
second  group,  29,  to  become  the  dividend, 
129^  for  the  next  step.    What  is  the  true 
divisor  (at  the  left  in  the  computation), 
which,  when  divided  into  129,  yields  the 
second  digit  of  your  answer? 

1.  23 

2.  40 

3.  A3 

4.  129 

2-12.  How  many  linear  feet  of  lumber  do  you  need 
to  cover  150  square  feet  of  wall  when  the 
boards  are  to  be  laid  9  inches  to  the 
weather? 

1.  100  ft 

2.  150  ft 

3.  200  ft 
A.  250  ft 


2-13. 


2-14. 


2-15. 


2-16, 


-17. 


2-18. 


2-19, 


2-20* 


When  tiles  are  laid  without  overlap,  how 
many  12-bYM2-tneh  tiles  are  required  to 
cover  an  area  of  10  square  feet? 

1-  10 

2-  12 

3.  15 

4.  20 

Which  of  the  following  arithmetic  expres- 
sions produces  the  number  of  board  feet 
in  a  plank  that  is  2  inches  thick*  6 
inches  wide,  and  16  feet  long? 

1-  2  4  6  4  16 

12 

2-  2  x  6  x  16 

12 

3.  2/12  x  6/12  x  16 

4.  12(2  +6+16) 

How  many  board  feet  are  there  in  a 
9-foot-long  2  bv  4? 

1 .  11 

2-  6 

3,  9 

4.  4 

How  many  board  feet  are  there  in  10 
pieces  of  2-bv-6-inch  stock  when  each 
piece  is  12  feet  long1 
1-  72 

2,  % 

3-  120 
4.  144 

The  dimensions,  2  inches  by  6  inches  by 
16  feet,  of  a  board  purchased  at  a  retail 
lumber  vard  are 
I  -  actual  dimensions 

2.  slightly  smaller  than  actual  dimensions 

3.  nominal  dimensions  or  slightly  larger 
than  actual  dimensions 

What  is  the  formal  name  for  the  Metric 
Svstem? 

1.  International  Metric  System 

2,  Standard  Unit  Measuring  System 
3-  Universal  System  of  Units 

4.  International  System  of  Units 

for  measuring  distance,  the  metric  base 
unit  Is  the 
1  -  gram 
2*  Celsius 
hertz 


2-21* 


2-22. 


2-23, 


2-24. 


2-25. 


2-26. 


3 


meter 


Refer  to  textbook  figure  2-24*  What  is 
the  Prefix  for  the  multiple  of  a  100^ 

1.  Hecto 

2.  Deka 

3.  Cent* 

**.  Mini 


Refer  to  textbook  table  2-1.  To  convert 
centimeters  to  inches,  Vou  multiplv  by 

1.  0.1 

2.  0,02 

3.  0.04 

4.  0.4 

Refer  to  textbook  table  2-2.    A  94-pound 
bag  of  cement  weighs  iiow  rcany  kilograms? 
l/   10. ^ 
2,  42.3 
3-  206.8 
4.  424.8 


sr  to  textbook  table  2-3,  A  5-gallon 
of  gasoline  contains  how  many  liters? 


Refer 
can 

1.  19.0 

2.  21.2 

3.  35.0 

4.  38,6 

Refer  to  textbook  table  2-4.    Estimate  in 
square  meters*  the  area  of  a  20-bv-20-foot 
wall. 
I  *  13.4 

2.  28.3 

3.  37.2 

4.  49.0 

Refer  to  textbook  table  2-3,    What  should 
vou  do  to  convert  50  degrees  OltUus  to 
degrees  Fahrenheit? 

1.  Subtract  32  from  50,  then  multi^tv  by 
5/9 

2.  Add  273,15  to  50 

3.  Multiply  50  bv  9/5,  then  add  32 

4.  Subtract  32  from  50 


Learning  Objective:    Name  the  parts 
of  the  framing  square  and  solve 
basic  problems  using  the  graduated 
scales  and  tables  found  on  the 
framing  square*     Textbook  pages 
3-1  through  3-8, 


The  blade  of  the  framing  square  is 
24  inches  in  length.    The  tongue  of 
the  framing  square  vanes  in  lc  .gth 
from 

1.  i4  to  18  in* 

2.  14  to  24  in. 

3.  18  to  20  In. 
19  to  24  In. 


9 


672 


Information  tor  items  2-27  through  2-30. 
*    The  framing  squares  in  figure  2A  are  lying 
on  a  table.    One  is  face  down,  the  other  is  face 
up*    You  are  standing  on  the  spc"  marked  X 
looking  down  at  the  squares. 


-27. 


2-28. 


2-29. 


Figure  2A.-Two  views  of  a  framing  ^square , 

The  heel  of  the  square  that  is  face  up 
is  located  at  point 

1,  A 

2.  C 

3.  H 

4,  K 

Which  edge  of  either  square  is  graduated 
in  inches  and  tenths  of  an  inch? 

1,  AB 

2,  CF 

3,  JK 

4,  KL 

Which  edge  of  either  square  is  graduated 
in  inches  and  in  eighths  or  sixteenths 
of  an  inch? 


AE 
GH 
JK 
HM 


2-3t>,    Consider  the  triangle  formed  by  drawing 
lines  between  G  and  H,  H  and  M>  and  G 
and  M*    Which  line  represents  a  bridge 
measure? 

1.  CH 

2.  GM 

3.  HM 

^     In  items  2-31  and  2-32>  assume  that  you 
are  to  find  the  brace  length  where  the 
run  is  36  inches  and  the  rise  is  48  inches. 


2-31.    What  unit  of  run  and  unit  of  rise  do  you 
use  to  step  off  the  brace? 

1.  Unit  of  run>  12  In.;  unit  of  rise* 
12  in. 

2.  Unit  of  run>  12  In.;  unit  of  rise* 

15  in. 

3.  Unit  of  run,  16  in.;  unit  of  rise, 
12  in. 

4.  Unit  of  run*  12  in.;  unit  of  rise, 

16  in. 

2-32.    How  many  times  do  you  step  off  the  cut 
in  finding  the  length  of  the  brace? 

1.  6 

2.  2 

3.  3 

4.  4 

2-33,    In  order  to  determine  line  length  without 
"stepping  off",  you  multiply  the  bridge 
measure  by  the 

1*  number  of  times  the  unit  of  run  goes 

into  the  total  run 
2*  number  of  times  the  unit  of  rise  goes 

into  the  total  run 

3.  number  of  times  the  total  rise  goes 
into  the  unit  of  rise 

4.  unit  of  rise  only 

2-34.    When  you  are  using  the  twelfth  scale  on  a 
framing  square  to  figure  the  total  length 
or  total  rise  of  a  rafter,  the  10  6/12 
mark  on  the  square  is  equivalent  to 
1*  10  1/2  in. 
2.  10  ft  1/2  in. 
3*  10  1/2  ft 
6.  15  ft 

2-35,    The  longest  lines  on  the  hundredths 
scale  indicate  how  many  hundredths  of 
an  inch? 
X*  5 

2.  10 

3.  25 

4.  50 

2-36,    To  use  the  octagon  scale*  you  set  one 

leg  of  the  dividers  on  the  first  dot  of 
the  scale,  and  the  other  leg  of  the 
divider  on  the  dot  whose  number  corre- 
sponds to  what  dimension  of  the  piece 
to  be  cut? 

1*  Width  in  inches  divided  by  eight 
2*  Width  In  inches  divided  bv  four 

3,  One-half  the  length  of  the  centerlii»e 

4.  Width  in  inches  only 
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2-37. 


2-38. 


2-39. 


2-40. 


2-41, 


2-42. 


2-4.,. 


Figure  2B,  -  Shelf  Section 

Whnc  is  the  length  of  diagonal  X  in 
figure  2B? 

1.  14  in. 

2.  22  In. 

3.  30  in. 

4.  48  in. 

Refer  to  textbook  figure  3-8,  How  manv 
board  feet  are  contained  in  a  1-inch  by 
8-inch  by  14-foot  board? 

1.  10,6 

2.  9.4 

3.  8,8 

4.  8.2 


2-44. 


2-4S, 


Learning  Objective:     State  the  pur- 
pose* use,  ;ind  care  of  handtools 
used  in  woodworking.  Textbook 
pages  3-8  through  V10. 


2-4f>. 


In  order  to  cut  a  ple<e  of  stock  to  anv 
given  angle  without  marking  the  *tock, 
you  should  use  a 
1*  wooden  miter  box 

2.  steel  miter  box 

3.  line  level 

4.  framing  square 

To  check  the  lovei  of  a  cord  that  has 

been  stretched  betwoen  two  points,  use  a 

1*  hand  ievt*l 

2,  carpenter's  level 

3*  line  level 

4.  plumb  bob 


>-47. 


2-48. 


Which  of  Che  following  is  used  to  check 
an  object  Is  plumb  and  level? 
Line  level 
Carpenter*  s  level 
Plumb  bob 
Framing  square 


If 

1 

2 
3 


In  order  to  prevent  a  tape  fnim  becoming 

stained,  you  should 

).  coat  it  with  a  light  coat  of  oil 

2.  rinse  It  in  hot  water,  then  air  dry 

3.  coat  it  with  paste  wax 

4.  dip  it  in  kerosene,  then  air  dry 

What  is  the  maximum  distance  a  cholkline 
can  be  used  to  accurately  mark  d  straight 
line  Letween  two  points? 

1.  10  ft 

2.  20  ft 

3.  30  ft 

4.  40  ft 


Learning  Objective:     Identify  the 
equipment  and  procedures  used  in 
reconditioning  handsaws.  Textbook 
pages  3~U  through  3-13. 


UhJch  part  of  a  saw  sharpening  vice  Is 
used  to  secure  It  to  a  bench? 

1 .  Jaws 
?>  Clattp 

3 .  Cam  handle 
Uing  nut 

UT.icb  of  the  following  tools  should  you 
use  in  order  to  make  the  saw  kerf  wider 
than  the  thickness  of  the  blade? 
1    Kile  holder 

2.  Jointer 

3,  Saw  set 

4 ,  Saw  vi  s^r 

Saw  teeth  are  all  niade  the  samt'  height 
W  which  process^ 
K  Setting 
2.  Dressing 

3  Filing 

4,  Jointing 

What  is  the  correct  order  of  the  steps 

listed  for  reconditioning  a  saw? 

1    Shaping,  f  il ing,  sett Ing,  joint  ing 

2.  Setting,  shaping,  jointing,  filing 

3.  Jointing,  shaping*  setting,  filing 

4  Filing,  setting,  shaping,  jointing 

In  saw  reconditioning,  you  must  shape  a 
handsaw  af ter 

1,  jointing 

2 ,  set  t  ing  only 
sharpening  only 

4.  setting  and  sharpening 
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2-49*    In  setting  the  teeth  on  a  handsaw,  the 
depth  of  the  set  should  NEVER  be  more 
than 

1.  1/4  the  length  of  the  tooth 

2.  1/2  the  depth  of  the  tooth  itself 
3-  the  same  depth  as  the  tooth 

4.  twice  the  depth  of  the  tooth  Itself 

2-50.    What  procedure  should  be  followed  when 
filing  a  crosscut  saw  once  the  file 
holder  has  been  adjusted? 
1.  File  one  tooth  at  a  time,  working 

down  the  whole  saw 
1*  File  both  teeth  at  once*  working 

down  the  whole  saw 

3.  File  and  set  each  tooth  separately 

4.  File  and  dress  one  side,  turn,  and 
file  and  dress  the  other  side 


2-53 .    Where  are  the  dog  and  the  bench  stop  for 
a  bench  vise  located? 

1.  On  the  movable  jaw 

2.  On  the  stationary  part  of  the  vise 

3.  The  dog  on  the  stationary  part  of  the 
vise  and  the  bench  stop  on  the  movable 
jaw 

4.  The  bench  stop  on  the  bench  and  the 
dog  on  the  movable  ja*r 

2-54.    What  device  would  you  use  to  hold 

material  on  a  work  bench  when  back- 
sawing? 

1 .  Bench  stop 

2.  Miter  box 

3.  Bench  hook 
kr  C-clatnp 


Learning  Objective:    Identify  the 
parts  of  a  woodworking  vise  and 
state  how  to  use,  care  for,  and 
safely  operate  holding  tools. 
Textbook  pages  3*13  and  3-14. 


0    In  answering  items  2-51  and  2-52.  refer 
to  figure  2C. 


Figure  2C. -Woodworking  bench  vise. 


2-51.    The  bench  vise  movable  jaw  is  indicated 
by  the  letter 

1.  E 

2.  F 
3-  C 
4.  A 

2*52.    Which  letter  represents  the  device  used 
in  conjunction  with  the  bench  stop  to 
hold  material  that  is  wider  than  the 
maximum  span  of  the  vise? 
1  *  A 
2-  D 

3.  F 

4.  C 


Learning  Objective:    Determine  the 
set  for  the  framing  square  when 
constructing  a  sawhorse.  Textbook 
pages  3-15  and  3*16. 


^     In  items  2-55  and  2-56,  assume  that 
you  are  making  a  sawhorse  similar  to 
the  one  shown  In  figure  3-21  of  yoi*r  textbook. 

2-55.    In  laying  off  the  end  cuts  for  legs, 

the  fir^t  mark  on  the  right  end  of  tht; 
leg  is  indicated  by  vhich  part  of  the 
framing  square? 

1 .  End  of  the  blade 

2 .  End  of  the  tongue 

3.  Outer  edge  of  the  tongue 

4.  Outer  edge  of  the  blade 

2-56.    The  set  of  the  framing  square  for  the 
end  cuts  of  the  \  bv  10  end  piece  is 
the  same  as  the  set  for  which  of  the 
following  cuts? 
1  -  End  cots  for  the  legs 

2.  Edge  cuts  for  the  1  by  10  tray 

3.  Side  cuts  for  the  ]egs 

4.  Both  2  and  3  above 


Learning  Objective:    t Jen t i f y 
fundamentals  of  setting  up,  safely 
operating,  and  performing  operator's 
maintenance  on  the  trailer-mounted 
field  saw.    Textbook  pages  3-17 
through  3-29, 


2-57.    The  trailer^mounted  field  saw  is  a 

typical  shop-type  radial  overarm  saw 
with  slight  modifications  for  field 
use. 
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2-58-    The  field  trailer  ha^^four  retractable 
stabilizing  Jacks  for  leveling,  and 
maintaining  the  radial  overarm  saw 

*  in  its  operating  position* 

1  2-59-  A  good  electrical  ground  is  essential  to 
,  the  safe  operation  of  the  field  saw. 

;         2-60*    At  what  point  after  starting  the  field- 
saw  engine  should  the  frequency  meter 
be  checked  to  Insure  a  60-hertz  reading? 

1.  Immediately  after  starting 

•  2.  After  the  engine  has  wanned  up  for 

two  minutes 
3,  After  the  engine  has  warmed  up  for 
five  minutes 

2-61.    What  voltage  should  the  voltmeter 

indicate  phase-tD-phase  under  normal 
operat Ion? 

;  1.  no 

2*  208 
3.  220 

2-62*    Of  the  following  proced<irea>  which  should 
you  use  to  revolve  the  saw  arm  to  a 
desired  posit  ton? 

1*  Push  both  miter  controls  backward, 
swing  saw  right  or  left 

2.  Push  right  mifsr  control  backward  to 
swing  right*  and  left  miter  control 
backward  to  swing  left 

3*  Pull  both  miter  controls  forward* 
and  swing  saw  right  or  left 

G.  Pull  bevel  controls  forward*  and 
swing  saw  right  or  left 

2-63'    When  crosscuttlng,  in  what  position 
should  w>u  lock  the  saw  arm? 

1.  0* 

2.  20* 

3.  30° 

4.  40* 

2-64*  A  radial-arm  field  saw  can  be  used  to 
perform  which  of  the  following  opera- 
tions? 

1*  Beved  ripping 

2*  Compound  mitering 

4.  All  of  the  above 

-    2-65*    The  radial-arm  field  saw  may  be  used  for 
rabbeting  when  equipped  wUh  a  dado  head. 

2-66.    When  installing  th*  blade  on  the  radial- 
arm  field  saw,  you  turn  the  recessed 
sides  of  the  collars  against  the  blade. 


2-67,  When  you  are  using  the  radial-arm  field 
saw,  which  of  the  following  safety  pre- 
cautions should  be  observed? 

1.  Wearing  safety  glasses 

2.  Reraoving  all  tools  and  wood  scraps 
prior  to  starting  the  saw 

3,  Adjusting  the  saw  for  the  depth  of 
cut  before  starting 

4,  All  of  the  above 


Learning  Objective;  Describe  how 
to  operate  a  tilt-arbor  bench  saw 
safely*    Textbook  page  3-30, 


2-68.    Which  of  the  following  parts  of  the 
saw  moves  with  the  stock  as  you  make 
the  cut? 

1.  Cutoff  gage 

2,  Ripping  fence 

3,  Throat  plate 

4.  Blade 

2-69,    Which  combination  of  grooving  saws 

and  chisel-type  cutters  make  up  a  dado 
head7 

1.  No  saws  and  two  cutters 

2.  One  saw  and  one  cutter 

3.  One  saw  and  two  cutters 

4.  Two  saws  and  one  or  more  cotters 

A     Items  2-70  through  2-73,  are  to  be 

judged  True  or  False  based  on  the  safe 
operation  of  a  tilt-arbor  bench  saw. 

2-70,    Blade  guards  should  be  kept  in  place 

EXCEPT  when  their  removal  is  absolutely 
unavoidable. 

2-71.    When  feeding  material  through  the  saw, 
stand  to  one  side  of  the  saw  to  avoid 
kickbacks. 

2-72.    Shorti  narrow  pieces  of  material  may  be 
pushed  between  the  saw  and  the  gage  by 
using  a  push  stick. 

2-73.  You  may  reach  over  the  saw  to  remove 
material  from  the  other  side  when  it 
Is  in  operation. 
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Assignment  3 


Woodwork infi  Shop  and  Field  Tools  (continued)  :  Woodworking:  MaterjaJU  and Jjethodsn 
Textbook  Assignment:    Pages  3-30  through  3*53  and  4-1  through  4-7 


Learning  Objective:    Point  out  safe 
practices  In  the  operation  of  a 
portable  electric  saw.  Textbook 
pages  3-30  through  3-33. 

3^1.  The  portable  electric  circular  saw  can 
cut  a  piece  of  lumber  square  or  at  any 
bevel  angle  up  to 

1.  75° 

2.  60° 

3.  30° 

3-2.      The  ripping  guide  on  the  portable 
electric  circular  saw  is  turned 
upside-down  for  cutting  nffv 

3-3.      When  using  the  portable  electric  circular 
sawt  you  should  always  grasp  the  saw  with 
I*  the  right  hand  and  guide  the  work  with 
the  left  hand 

2.  both  hands  and  hold  it  firmly  against 
the  work 

3.  both  hands  after  removing  the  blade 
guard 

4.  both  banc's  and  pull  the  saw  toward 
yourself 

3-4.  Provided  the  proper  blade  is  usedt  the 
saber  saw  will  cut  both  wood  and  light 
metal  - 

3-5*      If  you  do  not  maintain  a  firm  grip  on 
the  saber  saw,  it  will  tend  to 
1.  glide  smoothly  over  the  work 
2*  overheat 

3-  vibrate  excessively 
* 

3-6.      The  foot  pUte  of  the  portaMe  reciprocal 
saw  is  fixed  at  a  30°  angle  to  allow  ft>r 
working  in  corners.  * 

3-7.      You  should  never  attempt  to  change 
blades  on  a  reciprocal  saw  v^thou^ 
first  disconnecting  It  from  the  power 
source* 


Learning  Objective:  Recognise 
principles  of  operating  a  handsaw* 
Textbook  page  3-34 . 


3-8.      The  size  of  a  handsaw  is  designed  by  che 

1.  tooth  points  per  inch 

2.  width  and  gage  of  the  blades 

3.  Jiameter  of  the  wheels 

4.  cutoff  gages  and  gears 

3-9       If  a  clicking  sound  deve]ops  while  yu 
are  cutting  material  with  the  band saw, 
you  should  shut  off  the  motor  because 
the  sound  is  an  indication  that  the 
blade  Is 

1.  cracked 

2.  pinched 
3-  binding 

too  small  for  the  work 

0     'io  answer  item  3-10  us?**  the  formula 
for  finding  the  circumference  of  a 
circle  OlTD,  where  C  is  the  circumference^ 
D  is*  the  diameter*  and  tt  is  22/7. 

3-10.    Approximately  how  long  a  blnde  Is  re- 
quired for  a  14- inch  handsaw  whose 
wheel  centers  are  32  inches  apart? 
1-    76  fn. 

2.  86  in. 

3.  iOS  in. 

4.  152  in. 

3-11.    A  hand  or  foot  brake  should  be  installed 
on  all  handsaws  that  are 

1.  24  Inches 

2.  30  inches 

3.  36  inches  or  3argor 
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3-1/. 


Learntnf  Objective;     (Vint  «mt 
techniques  of  recondi  t  loni  ng  j 
circular  saw  blade.  Textbook 
pages  3-35  and  3-36. 


3-12,    Which  of  the  following  ret  oudit  inning 
operations  should  be  performed  on  a 
circular  saw  if  th&  teeth  have  beci>n»e 
out  of  round? 
1*  Jointing 

2 ,  Cunun  i  ng 

3,  Setting 

4,  Sharpening 

3-13,    In  a  jointing  operation,  the  blade  i> 
iirst  removed  from  the  arbor  and  ihen 

1.  iustolled  tn  the  reverse  order 

2,  placed  in  a  timescone  holder 

3*  marked  for  jointing  with  a  file 
secured  on  the  frenrh  with  tW 
jointing  fence 


How  do  vou  determine  uhethei  or  not  the 
jointing  of  a  circular  saw  blade  ts 
completed? 

1,  By  visual  inspe<tion  <»f  the  teeth 

2,  Bv  the  sound  of  the  blade  striking  m 
abras  i  ve  wheel 

3t  By  the  evenness  <»f  the  pressure 
exerted  bv  ihx  bljde  on  an  abrasive 
whee  L 

4,  8v  the  speed  u  which  the  Made 
rotates 

humming  <i  saw  blade  is  done  where  tht 
gullets  of  the  bJ  ide  hjve  became  too 

1.  dull 

2.  deep 

3 .  rounded 
i  .  <  h  »1  low 


[  k  . If  h  1  UK  Ob  )ert  i\y :     1*M  nt  *nlt 
safe  pr^-  rtres  n>  the  utfe  of  power 
►bavins  tooU,     le-itb^k  pag*^ 
through  3-^> 


flu1  ^utrintf  deprh  of  a  r^ntei  K  main- 
tained bv  ad just t n>,  the 

1 .  depth  set  screw 

2.  depth  ring 

3.  rh*irk  nut 

•  •  *'dge  gu  r  de 


A  router  latent  d#-pi  b 
bv  id  just  in^  t  he 
t ,  end  guldt- 

2.    top  fluid*' 
J*  edge  ^tfJde 
f^ot  guide 


it   is  ^brained 


3-lfl.    You  can  avoid  danger  of  an  "out  of 

control"  planer  bv  checking  to  insure 
that  the  switch  on  the  portable  planer 
is  in  the  OFF  position  before  connecting 
it  ic  the  pover  source* 

3-13.  If  a  jointer  makes  a  cut  that  1*  deeper 
at  the  beginning  of  the  cot  th.^n  at  the 
tint,  the  jointer  should  be  adjusted  bv 

1.  raising  the  infeed  table 

2.  lowering  the  infeed  table 
3-  raising  the  outfeed  table 
4.  lowering  the  outfeed  table 

}-?Q.    The  fence  on  a  jointer  can  be  set  to 
produce  beveled  edges  at 

1.  j  maximum  of  AS* 

2.  a  maximum  60* 

3.  j  maximum  of  7S* 

4.  anV  desired  angle 

3-_M.    When  setting  the  knives  on  the  jointer. 

be  sure  tliat  you  do  NOT  set  them  for  too 
heavv  j  cut  since  tills  may  cause 
1  .  tile  jointer  to  stop 

2.  gaps  in  the  spindle 

3.  a  kickback 

4.  a  sharp  edge  to  form  on  tin-  outfeed 
table 

3-/*,    Hnw  should  vou  t nit'  a  warped  board  and 

plane  its  iop  surface  if  the  t<-<*l>  .loan- 
able include  a  jomrer  and  a  single  Mir- 

fac^r^ 

K  Simplv  feed  the  board  through  the 
aurf^c^r  unue* 

Feed  the  board  through  the  vurfacer 
and  then  turn  the  board  over  and  feed 
it  Mirough  again. 

5.  Tine  one  face  of  the  hoard  on  the 
jointer  and  then  feed  the  board 
through  the  ^urfacer  with  the  trued 
face  down, 

-  True  one  fare  of  che  board  with  the 
jointer  and  then  feed  the  board 
through  the  surfa^er  with  the  trued 
fare  up. 

J-.M.    Ivhen   i  east   in*n  giiard  is  used  on  the 

surfacing  m.rchine,  the  thickness  of  the 
metal  should  not  be  le^s  than 

1 .  1/16  of  an  inch 

2.  3/16  of  an  inch 
3  ir  1  /A  of  an  inch 
4 .  1/2  of  an  inch 

.  Even  though  a  ^haper  can  be  UM*d  for 
fluting  an<;  heading,  it  is  primarily 
designed  for 

1.  rabbeting  and  grooving 

2.  edging  curved  stock  and  cutting 
ornamental  edges 

3.  surfacing  t ho  face  of  lar^e  pleres 
of  stock 

A.  edging  fiat  smooth  surfaces 
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3*25.    When  shaping  an  edge  of  a  piece  of  stock  3-30. 
on  che  ahaper>  you  feed  the  stock  to  the 
cutter  head  in  which  of  the  following 
ways? 

1.  Feed  stock  through  in  the  same 
direction  as  the  spindle  is  rotating. 

2.  Feed  the  stock  against  the  rotation 

of  the  spindle,  3*31. 

3.  Feed  the  stock  through  in  the  same 
direction  as  the  spindle  is  rotating 
but  against  the  rotation  of  the  spindle, 

4.  Feed  the  stock  through  either  direction. 

3-26.    If  curved  or  irregularly  shaped  edges 
are  to  be  shaped,  the  regular  straight 
fence  is  removed  and  replaced  by  a 

1.  starting  pin  placed  in  the  table  top  3-32. 

2.  C-clamp  with  a  handscreu 

3.  3-wing  cutter 

4*  straightedged  board 

^    Items  3-27  and  3-28  refer  to  the 
following  steps  in  sharpening  a 
Jointer  knife  with  a  knife-grinding  attachment; 

A,  Loosening  the  set  screws  3*33, 
B*  Tightening  the  set  screws 

C,  Inserting  the  cutterhead  locking  pin 

D.  Setting  the  grinding  attachment  in 
piece 

3-27,    In  what1  order  are  these  steps  performed? 

1.  A,  B,  C,  D 

2,  Bt  D>  Ct  A 

3,  C»  At  Bt  D 

4 .  D,  A,  0,  B 

3-28.    Between  which  steps  is  the  jointer  knife 
moved  up? 
1  *  A  and  B 

2.  B  and  C 

3.  B  and  D  *  3-34. 
^  C  and  0 

3-29.    Suppose  that  you  are  going  to  sharpen 
and  joint  the  knives  of  a  jointer  that 
has  a  knife-grinding  attachment.  If 
there  are  three  knives  or  the  cutter- 
headxjj°w  many  times  will  you  use  the 
three-fnronged  knife  gage? 

1,  One 

2,  Two  3-35. 
Three 

4.  Six 


Learning  Objective:    Identify  safe 
practices  In  operating  the  drill  3-36, 
Textbook  pages  3-45 


prac 
press 

through  3-47 


The  speed  or  a  dtlil  press  is  changed 

by  which  of  the  following  means? 

1.  By  the  2-speed  switch  control 

2*  By  locating  the  V-belt  on  the  spindle 

3,  By  the  variable  speed  control  knob 

i.  By  changing  the  drive  pulley 

What  component  of  the  Jrill  press, 
shown  in  textbook  figure  3-57,  engages 
the  spindle  and  quill  assembly  {Sown- 
ward? 

1,  Head  lock  handle 

2,  Head  collar  support  lock  handle 

3,  Quill  lock  handle 

4,  Spindle  and  quill  feed  handle 

At  what  angle  left  or  right  from  the 
horizontal  position  may  the  table  on 
a  drill  press  be  positioned? 

1,  15* 

2,  25* 

3,  30° 
4*  45° 

If  too  much  pressure  Is  applied  to  the 
feed  handle,  which  of  the  following  pro- 
blems may  develop? 

1,  The  switch  may  open  and  the  motor  stop 

2,  The  V-belt  may  slip 

3,  The  twist  drill  may  break 

4,  All  of  she  above 


Learning  Objective:  Recognize 
principles  and  techniques  of 
operating  .1  woodworking  lathe. 
Textbook  p<iges  3-47  through  3-50. 


The  size  of  a  lathe  is  determined  by 
the 

1.  diameter  of  stock  that  the  lathe 
will  accommodate 

2.  circumference  of  the  stock  that  the 
lathe  will  accommodate 

3.  length  of  stock  that  can  be  mounted 
on  the  lathe 

4.  horsepower  of  the  lathe  motor 

Of  the  four  major  parts  of  the  lathe> 
which  part  supports  all  other  parts? 

1 .  Headstock 

2.  Tailstock 

3.  8ed 

4.  Toolrest 

What  part  of  a  lathe  can  he  moved  along 
the  length  of  its  bed? 
1*  Headstock 

2.  Tailstock 

3.  Motor  spindle 
A .  Faceplate 
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In  answering  items  3-37  through  3-40,  select 
from  column  B  the  special  tool  used  to  perform 
the  operation  in  column  A-* 


A,  Operations 

3-37,    Cut  recesses  or 
grooves  with 
straight  sides 
and  a  flat 
bot  Com 

3-38-    Bough  cut  all 

shapes  bv  spindle 
turning 

3-39-    Faceplate  turning 

3-40-    Smooch  cutting,  V 
cuts*  and  trimming 
edges 


B-    Special  Tools 

1  -  Turning  gouges 

2  *  Skew  chisels 
3,  Parting  tools 
U*  Scraping  cools 


3-41*    Which  ->f  the  following  Is  a  safe  prac- 
tice in  operating  a  woodworking  lathe? 
1 ,  Standing  to  o.m  side  when  starting 
the  motor 

2-  Making  adjustments  vith  the  motor 
running 

3.  Usjng  calipers  on  irregular  surfaces 
while  the  lathe  is  In  motion 

4.  Each  of  the  above 


Learning  Objective;  Identify  Prac- 
tices in  maintaining  cutting  cools- 
Textbook  pages  3-51  through  3-53. 


3-42.    ^ich  of  the  following  grinding  *_els 
on  the  multiwheel  oilstone  grinder  is 
used  to  grind  inside-bevel  gouges? 
1  -  Drv  emerv 

2.  Fine  oilston*> 

3.  Coarse  oilstone 
4  *  Coiie 

3-43*         put  tlu'  sharpest  edge  on  a  fine  tool, 
vou  should  use  an  oilstone  made  of 

1 .  natural  stone 

2.  aluminum  oxide 

3.  silicons  carbide 
quarts 

3-4*.    What  should  you  do  to  prevent  glazing  of 
a  sharpening  stone? 
1*  Soak  ir  in  aluminum  oxid* 
2*  Dip  It  in  water  after  use 

3.  Clean  it  with  a  wire  brush  between 
ust*s 

4,  Sprav  it  with  tight  oil  during  use 


3-45.    What  test  is  use^  to  check  whether  or 
not  an  abrasive  wheel  is  cracked? 
1.  Finger 
2*  Ring 

3-  Oil 

4-  Water 

3-46.    In  che  operation  of  a  power  grinder* 

you  may  be  able  to  correct  glazing  of  an 

abrasive  wheel  by 

1.  putting  on  a  softer  wheel  or 

decreasing  speed 
2-  putting  on  a  harder  wheel  or 

increasing  speed 
3*  reversing  the  wheel 

3^47*    The  most  effective  wheel  dresser  for 

turning  an  out-of-round  abrasive  wheel 

Is  the 

1,  tube 

2-  cutter 

3*  diamond 

4-  sof i- 

3-48-    Where  is  the  lug  of  the  cutter-type 

wheel  dresser  held  vhiie  the  wheel  \ 
is  being  dressed? 

1-  Against  the  front  edge  of  the  tool 
rest 

2-  Tn  the  center  of  the  tool  rest 

3,  Either  to  the  right  or  left  of  the 
center  of  the  toolrest 

3-49,    What*  if  anything*  should  you  do  to 

prevent  a  grinding  wheel  from  wearing 
rapidly  as  it  becomes  smaller? 

1.  Increase  Its  speed 

2.  Decrease  Its  speed 

3.  Nothing 

3-50*    While  whetting  chisels  with  an  oilstone, 
you  must  keep  the  faces, of  the  oilstone 
perfectly  flat* 

3- SI,    What  bonding  material  should  you  use 
to  mend  a  broken  oilstone? 
1-  Varnish 
2,  Shellac 

3-  All-purpose  cement 

4.  Wood  glue 


Learning  Objectives    Identify  the 
types,  characteristics*  and  uses 
of  various  woods.    Textbook  pages 
4-2  through  4-6- 


3-52.    Of  the  following  woods*  which  Is  the 
strongest  and  toughest? 
U  Ash 
2-  Birch 

3.  Hickory 

4,  Live  oak 
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1-51.  For  heavv  const  ruct  £  on  t  such  as  shaft 
log*t  whith  of  thi-  following  woods  Is 
ti*ed* 

1 .  Red  oak 

2.  White  o.ik 

3.  Beech 

4.  3irch 

VS4.    Which  of  the  following  woods  could  vou 
"  use  for  Interior  trim'* 
1 .  Korw.iv  pine 
2*  White  pine 
3-  Mahogany 
4.  Each  of  tht-  ;ibove 


3-60.    Which  of  the  following  is  an  advantage 
of  seasoned  lumber 7 
1*  Decreased  shrink  i^e 
2*  Increased  strength 
3-  Reduced  w^i^ht 
4.  Each  of  the  ahow 

3-61.  I  umber  is  considered  dr^  enough  for 
most  uses  when  the  moisture  content 
is  N"OT  more  th.in 

1 .  12  to  15  pet 

2.  17  to  19  pet 

3.  20  to  21  pet 
- .  25  to  2ft  pot 


VSS.    What  is  pr^Kiblv  the  hardest  and 
strongest  wood  grown  on  the  W<*st 

COASt? 

1 .  Redwood 

2.  Red  cedar 

3.  I.iv<*  oak 

^-  Douglas  fir 

Vh.it  do  beech*  birch*  maho^ane^  red 
■  >ikt  and  w.ilnut  have  In  common? 

1.  AM  have  .1  reddish  color. 

2.  All  are  used  for  cabinetwork, 

J.  All  art*  used  in  making  sum  11  boats, 

3*57.    Yt-!-k'W  pint*  is  preferred  to  white  pmr 
for  damage  control  work  because  ix 

1 .  T^  st  ranger 

2.  is  easier  to  work 

\.  h.is  straighter  grain 

4.  has  fewer  kn-»ta 

3- 58 -     rthat  is  th*  best  structural  lumht*r 
Ti.it  tve  to  the  Xnrthwv,At  * 

1 .  Douglas  fir 

2.  Live  0.ik  ^ 
3*  Popular  -J 
^ .  Rvdwood 


Learning  Object  iv**:    Explain  factors 
relat 1 ng  to  the  season in^,  cut t  itt£ t 
r  (;iSsi  f  icdt  Ion  .  u^es ,  and  grades  of 
lumber.    Textbook  pages  4-1  through 
4-7. 


3-'>9.     *Vod  cut   to  which  of  th^  following 
dimensions  i s  t  imber? 

1.  1  in.  hv  12  in.  bv  &  ft 

2.  2  in.  bv  12  m.  hv  3  ft 

3.  1  in.  hv     3  in,  bv  12  ft 


*  an*  bv 


in,  bv  lf>  ft 


Wv3- 


V*1 


Which,   if  .inv,  ff  the  fallowing  knots 
in  a  board  might  be  considered  more  a 
blemish  than  a  defect  bv  ,i  carpenter 
who  uses  the  board  for  framing  a  house? 

1 .  A  xpike  knot 

2.  A  loost-  cross-section  knot 
1.  A  tight  cros*i-st-(  *  ion  knot 
^ .  ^-ne 

A  blemish  in  a  pieci  ■>!   lumber  Is 

r la*.*»i f led  as  a  defeat  when  it  affects 

t  ht   lumber "s 

1 .  1 1  i  t  ^  value 

2.  strength 

J    durabil 1 1  \ 
4.  si/i- 

\  root  w  ;  L-n  of  ^  hratis  h  arpi-.irmg 
■  ^n.  ii  s«r  t     t-  in  *  r  "v^  ^e-  t  i mi  i  s  a 
J  .  n^rch  pocket 
2.  knot 
i he* v 

Twists  ^r  ,urvt  ^  thtt   iifveli'p  in  flat 

boards  .irr 

1  *  wind  shsikf-% 

2 .  *\mes 

i .  checks 

* .  wti  rps 

rtlit*n  frjratug  lumber  *    in.   h .    .  bv 
10  1/2  ir  Es  ord*rt-d  dm-t  t  lv  from  the 
vards*  whut  .ire  the  actual  dimensions 
of  the  1  *iii!%er  ret  i-i  v*-d^ 

1.  I  1/2  nj.  bv  J  1/2  In.  bv  10  1/2  ft 

2.  J  in.  bv  4  ni.  ^,   10  i/2  ft 

1.  1  1/2  in.  bv  i  1/2  an.  h\  12  f; 
4,  2  in.  b^  4  In.  bv  12  ft 


rtltj t   t  vpt-  of  wood    i\  ■  j ' 

bovt-s  <m<J  c  rat  *■  > J 
J  .  V.ird  luttbvr 
2.  Sb*ip  lunber 
1*      ru<  tural  n;itvr  Ktl 

^  .    St^",  k  ItJTlhtT 


J  f  <.*r  const  r  jet  * 


ERIC 


Assignment  4 


Woodworking;  Materials  and  Methods  (continued) 
Texrbook  Assignmenc:    Pages  4-7  through  4-42 


Learning  Objective  (continued): 
Explain  facrors  relating  to  che 
seasoning*  cutting*  c lass  if icat iont 
us*ftt  and  grades  of  lumber*  Text- 
book paj;es  4-7  through  4-9* 


Learning  Objective;     Dt***«  ribe  ;>r^- 
cedun-s  In  •wtf«*l\  h.mdHn£ 
Morin^  lumber  without  4;m.it;e  sin! 
*t  er  i^T  Jt  ion,     TV* t  h«-ok  p,i£U4 
jnd  4-J0, 


In  answering  items  4-1  through  4-5t  select  the 
grade  of  lumber  from  column  E  that  best  fits 
the  description  in  column  A. 


A,  Descr  ipt  ions 

f.timbtrr  that  is 
pxac  t  ical  I  v  f  ree 
■  >f  defeat*;  and 
blemishes 

Lumber  thar  con- 
tains j  few 
minor  blemi**ht'^ 

Lumber  that  i«a 
?*oyntlt  tl^ht- 
knotted  st^fc  ► 
oont  ainlnj*  onl  v 
■i  few  rolrwr 
def     t  * 


B.  Grades 

1 ,  No .  1  common 
1  umbe  r 

2,  t-rade  A  select 
lumber 

3  ■  NV ,  5  r»>mmon 
lumber 

4,  Cr.ide  ft 
1  umbe  r 


One  purpose  of  **t.*rin£  lumber  t 
keep  u  fr->m  dcCt-n^r  ini^  bv  n.ur* 
t. lining  it*i  ruMMurO  r**nl^ut  * 

Whit  i     Uic  nniimun  ^ife  v.iilj  i^r 

b"  IJ-i'i.  bv  l.M't  pie 
lumN-r  ^t,»,  KtM  ^  ft  h i r 
K  «  n 
J-  *  ft 
1.   S  ft 
4,  ft 

st  j  rk(  i  -  ivt   t        t  «-J  1 t  M  1  itr*,!- 

pi  It***   Mj  »t     He  ir,]  flV>M    ■  ^   "  J. 

K  10 


4-4*       L^irber  th^t   *  tapable 

cnlv  of  holding  together 
urtdt^r  T<ji»irv  handling 

Lumber  that  I<a  suitable 
fcr  use  as  watertight 
lumber 


How  aanv  board  feet  ^re  there  tn  a 
pieet*  cf  lumber  th<*t  is  2  in,  thl^k* 
*  tn,  wide*  jnd  24  lon^ 

1,  12 

2,  I* 

3,  20 

4,  24 


UMrniilK  Obt>itfw:     Stat-  the 
adv-mt  a^i  ^         1  jmi  tiat  lumber 
^  used  In  framing,  fexih^k 
pa^e^  4-10  iJnd  W  i  - 


'It),     'rfJh-K    J**  the  prir>.ir*."    (ih*m$jfce  .  t 
1  ami  r  .it  *  J    1  ut^er  1 
1  ,  Light   in  vvttfht 

I  tit  ri  .iXt'e"  lii  id -i  .irr  v  hi*?  <  .iti  i<  : 

4,     llU  ftMStM    T        1       .nit  f    t        it'  *%- 
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-i-lU    VThitt        the  following  tvt>*'v  of  struc- 
ture^ weuld^iox  li'^i^  n^e  lan^Q^t«>d 
iuttber* 

K  Office  NiilJtn^ 
Bridge- 

AH  of  t!)e  ar^ve 


MojjC  ljpin.it         .ire  vpiitf]  h\  thi 
*tf*  */^f  whJit  vp*.  of  j.iim**  * 
1  .v]e*npue  *md  croove" 
2.  Scarf 
1»  Ship  tap 
i  *  Hal  f 


learning  t*hie.  tive;  '  ?»pe-     v  de- 
^enptive  narklnfi^  and  a^e-*  aud 
pres<  ribe  iruM^urev  to  ^ i q i in i t: ^  ^ 
di«hin»E  of  plev\>od  durftt£  ^"tt>j  jge/ 
Textbook  p.ivu^  *-\2  through  i-l*>. 


fut  ttm  pomh*  for  pound,  plv^o^d  ^ 
hiih  of  the  stronpevt  building  nate^-iK 
,iv  u  I  iMi-  K  rit  tribute  J  it- 
1 ,  i  ro*>^  iar^fnat  i«»ti 
*.  \i\irh  Mfen^th  ^lue 
J,  number    *f  pi *  < 
£lMd<>  of  v-*<nJ 


oiloun^  h 
an  irt  1-  li  -%ide  >i-  i  I  vi  i 

1 .  Form  wi' 

2.  S  htxTln  n„ 
L    rijrtMt  rift 

E  Kb  of  the  ib"V*J 


of  the         i,\  1-purp*  -*o  plw^k,  which 
would  n^rpal  1*.   N    u-*-d  t^r  J  ahinet 
do^r^ 

I .  A-A  e\ter  lot 
2  C~i  c\tenor 
1,  A-A  in; *  riri  * 

What  t%pe  <<f  pl\-v.   .J   is  [tMr.111'.  u**ed 
fw  Mibf  toorln*:* 
1  ,  A-C  interior 
.\  B-f  exterior  / 
3*   ?  Ui^V^td  t-r  e>tefiot 
#    standard  ('-I1         in  i 

In  t/hfrh  of  the  fol  lowing  u  n'v  d<- 
ivniTott'  torm  patul^  dit^et  tV<ri 
standard  plw<vd  p.m*  K  T 
1,  Concrete  forro  panels  w**iy?h  lew  than 

standard  i*lvVf*iJ  panels 
T*  Oul  v  f«a%  rrte  forir  tsiiielv  h  ive  i 

roiU-rnfe  re^i*>ttj:Tt   ^nrt  i 
3,  ->nK  i^nert*te  l*»rr,  pmel     inw  <i 

Tnt* t       f,ie  »nr 
*,  Onl\  f,-rci  panels   > ] w ,\     !i  iu1  vi-vrn 

Iht-  in,liy  ntir%t  t  r  »  iH-Ji  .iiip  it  on  ,i 
t%l  i<1  lnp  l  jU:tt  l  *  in  it  I  iV>  s  t  lfv;' ,  Vh  it 
•lo*-s  th*>        i:nhi  itc  " 

support**  f^r  vtibfh'i%i* 
,  "  i  \  ir\ir\ 
support  * 
L  Mi*  miiP1 
-;tp  Ms 


'•1  j  e»tt  t  ikp" 
t  1 1   r  ^f  ,^  .  kiv^ 

u  i    .ijM  h  t 


v-TS*  '  Plw^>d  hiving  i  ^  i  Id  vurf.ui*  v%  tie*  t 
u.-    with  i-ifiiilir  repair  pHi^J  uvuld  Ve 
l  Onsidered  vhtU  i'r  iJt  ? 
t*  A 

s 


\ 

Whi^>  of   the       1 1  ■  iw  J  Tip  deyifptlVe 

marktu^s  will  be  f^und  **t\  V'M  "*h***r*' 

of  plvuoiti ?  J 

!•  Tvp<?  of  exterior  or  interior  ,md 

ttie  ^raJe  i>f  thi   faee   ind  h.tx  k 

sheet  ^ 

2*  <Jr«»de  ^f  the  f  .i-.  e  r»nd  b^i  t  vht*el* 
jnd  the  over  a!  1   thJ*  kne-s 
Tvp-r  of  eyterl  >r  and  int^ri->-  Li'v! 
pi  wAod  d  I  men  -.tons 

^,  ritMiitv  sIMlJ  i'Ti,jrjfittt  of  :h<   t  l  vr 


."u  n  pi        si  i     ■  i  ^  . 
«  an  ^  di  ^hi  1 
I  ,   1*  J  w«*od  ed^i  v 

hiimi  d  eond  i '  o  n  - 
J,   Sea  J  inn  t  he  edpvv 

with  vhi  to  li  td 
^,   Kniit         the  e<Lv  - 

with  a  red  dealer 
^  ,   iJ  la<  tup  i  Iu   pi  vwo. 

st<*r.ij?e  nher 


■\    O     pis  wood 
\   i-i    i  hrdted 

i  *  bi  ti>'    ^"  M  vwo^d 


Ivir  in^  ^ t i*ray?e  ,  t  h* 
i  an  b*  niinim]  /od  h  h 
1 ,  plae  i»er  p]w>.>i)  m  vt  rt  u  al  raok-> 

phit  n4p  1  —  it**,  K'  r,!  s t  x  ip*%  }  ftveorj 

th*1  Liver^  >J  plvw.*od  ;j t  l^terval^ 
L  oiling  the  ed-4i*">  vit!'  p,i  h  oil 

!-r,ti<in^  n  *ti\  pHe-.   H  ii't  more  than 

10  lis  i/r^  *  d*.  h 


Lejrniiifi  ^bU'ct  ivr  -     hlonc  ifv 
o*"int*cn  v^c*d  .ind  p^nct  subst i tut 


Tti  answering  items  through  *~28 .  st  iver 

the  t\mp$  of  vjJIb^ard  from  column  5  that 
ewtcb*?1*  tho  k  hjra<  terist ic  in  column  A, 


r<  \n  so:  t 

*i  -th  tit  **  r*->  i     i:  t 

o        'i  t   *  -v.'t  t  i-i 


H-irdbo  ir  l 
Part It-- 


+  ,lf    tin*    I  'tTlIS   sK>vo,   Wlihli    ih  i 

1  -  A 

i.  r 


t    I T  =  ti- - 1.     1    '  1  Lit  1 


.  sup- 


villi  i*>v  f  'rn  of 
h,'  irU  .    om  shoul  ,1 

1  lit-    f^l  l^'Vl^ 


i* on*  at  t  ■  «■ 

L  \V"\1  t'-MJl" 


vniL'    ,f  tt,<-  nvthods  and  pro- 
%   *  *.*cbjrt^  ii-,' f   in  tWir  dov^lopro^nl  t 
Uv.W*  i*.t£*->  ^*-17  tbrmi^h 


■)r|.     Jr  ;»;.i:i*unjs  dnj  Mjuarintf  rb<j  cork  <ritJ 
f  i  hi  irK  "*"J  to^t   it   frt'i*  both  tht- 


■  i  !n  t    t, ■■  m t  ,  1  ■  mi  .  -> r    1  ►  *  i  i  t  J  ;  j*l 

I'»  T     J     t  4      1   111  * 

i  r    1  c  i  u<  ,■  f  *    (  ,Jh'n    J  ,ij    ^      ■  ij  *  tit  f 
>'  i  \  i  -  )  if   vint,   t  in     1h  1 3  ib  i   1  .si*    i  . 
(S r.iuv  ai'iMinit  t  b*f  b  ■  u  d    it    »  <i  i  »s  i 
0£]Uill  to 

!,  *  til*  bo.iril  viJth  tro^  [  Ij- 

,.'  .     iifU*    bo  1 1  *f    t  b  i  £  LfU4S*>     f  I  03  !    T  H'  ■    i  I  i.t 

1-  thi-  J*  ^  i  t  *  £*  jjTjo^nt   i»f   t       fs-'i-  t 
oTK'-b.ill    llw  boil,!    tin,  fin  v.    tj.mi  Hit* 

end 

Itj  I,iV i itjk*    iM    j  ;   I  vr    i  i  j  J  f 

M^irit     vou  fca/t   thr  rhi-rk^  ]  !  if  t  rf>tn  t  bv 

2-  f.irc  oul\ 

\.  *-'(Jl^j  "i*  I'm) 
^  .   f nil     i 1  r  iipkJ 

1  tl  *  Ut  t  1  V  silt  l-th1  ^<it  t   si  1 1  *  -  !  ij    1    i  l>i  ^ 
vli ii  ii  ■       'it  "'^^i  n.ik*-  r  i ij 

J.  Sb^ii3(i«-r 


4*37.    Vhen  tnitering  pieces  for  a  hexagonal 
(six-sided)  frame*  what  miter  angle 
should  vou  use? 

1,  22, V 

2,  30>0* 

3,  60.0* 

4-38.    Slio  feathers  art'  often  preferred  over 
corrugated  fasteners  for  the  reinforce- 
ment of  miter  joints  because  thev  *re 
1*  strojtger 
2.  easier  to  applv 
3*  easier  to  remove 

4,  loss  likely  to^detract  from  the 
appearanee  of  the  joints 

4-39.    A  three-sided  recess  running  across  the 
grain  from  one  side  of  the  board  to  the 
other  is  a 
\ .  grooved  joint 

2,  stopped  dado 

3,  dado 

4 ,  stopped  groove 

4-40,    A  two-sided  recess  running  along  an  edge 
of  a  board,  either  across  the  grain  or 
with  rhe  grain,  is  a 
I*  groove 
2-  dado 

3,  stopped  drjdo 

4 ,  rabbet 

4-41.     A  stopped  groove  ^ui  lu*  rut  on  .i  cir- 
cular s.iw  with  the  use  of  <i 
1  ,  stop  hi  nek 

2,  rabbet  led)<e 
1,  hauiaoh  Ward 
4,  carriage  block 

4*42.    To  adjust  th^  fenet*  to  the  depth  of  the 
cheek  when  cutting  a  rabbet   joint  on  a 
cifcnlar  s.iw,  vou  would  measure  from 
what  point'1 

1,  Left  side  of  the  raker  tooth 
2*  Centerliue  of  saw  bldde 
>,  Sjw  tooth  set  to  the  l^ft 
4,  Sjw  tooth  set  the  the  right 

4-43.    Thy  rabbeting  lodge  of  a  jointer  is  used 
for 

1.  depressing  the  nut  feed  table 

_t«  adjusting  the  widtfh  of  the  cheek  cut 

3,  raising  Che  hi  ad/ for  rabbet  cuts 

4,  carrviug  the  unrabbeted  portion  of 

stock 


4-45.    Table  haunching  a  mort ise -and -tenon 
Joint  tends  to  weaken  the  joint. 

4-4 6 >    When  the  tenon  member  is  too  thin  to 
permit  shoulder  cuts  on  heth  faces> 
what  kind  of  morti^e-and-t enon  joint 
is  used? 

1 ,  Barefaced  joint 

2-  5tub  joint 

3*  Haunched  joint 

4  ,  Table-haunched  loini 

4-4? ,    The  strongest  of  all  woodwork ing  joints 
is  considered  t<>  be  tl+e 
I.  mort a -e-and-tenon 

1.  rabbet 

3-  dovetail 

4 ,  tongue-and -groove 

4-4£L    What  anglo  is  normal  lv  used  in  making 
the  cuts  of  a  dovetail  half-lap  joint? 
1-  10° 

2.  15° 

4.  28* 

^-49,    When  rutting  inside  eorner  molding, 

which  of  the  following  handsaws  should 
you  normallv  u^e  for  following  the  contour? 
I  .  Bat  k  saw 
J  .  Compa  ss  s<iw 

3.  Coping 

** ,  Doveta  l  1  sow 

4-SO,    KIikJi  machine  is  normal  h-  ust-d  for 
Hitting  ornamental   fa*  ^  -urve^  on 
wood  stoi.  k  " 
1  .  5iiaper 
2*  Jointer 
K  [,athe 

4 .  Rout  *  r 


4-£4.    A  mortise-and-tenon  joint  in  which  the 
tenon  does  NOT  penetrate  all  the  wav 
through  the  mortised  member  is  a 
K  through  mortise  and  tenon 
2«  blind  mortise  and  tenon 
3.  bare  faced  tenon 
^  >  haunched  tenon 
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4-51 


4-34 . 


Figure  4ft. 


Which  tvpe  of  molding,  shown  in  figure  4B 
would  normally  be  used  as  a  wall-to-f toor 
molding 

2.  B 

3.  C 

4.  D 


Learning  Objective;  Identify 
baste  procedures  nf  furniture  and 
cabinet  making.     Textbook  pages 
4-31  through  4-33. 


What  tvpe  of  joint  is  normally  used  in 
the  manufacturing  of  cabinet  drawer 
division  frames'* 
1  .  Rabbet 

2t  Blind  mortise  and  tenon 

3.  T^n^ue-and"grf>ove 

4.  Oain 

Vhat  should  be  done  to  minimize  expansion 

and  shrinkage  cf  all  wooden  members? 

U  l\->e  onlv  atr^dried  lumber 

2.  Use  onlv  over-dried  Umber 

3-  Applv  a  co^t  of  sealer  ta  alt  surfaces 

4,  Applv  linseed  oil  to  all  surfaces 


learning  nbje^tfv*1:     Indicate  the 
jmrpose  and  use  of  wood  fastening 
divicirs*     ^rxtbook  pages  4-33 
through 


tfhich  of  the  following  is  d  technique 
in  driving  nails  where  maMiiium  In- J  tiim 
power       neeesn  irv  > 

1T  Place  the  nai  Ts  1 1»  av'id  Unoiv  tad 
i  rai  Ks 

2.  Drive  tin-  miK  it  O  i^lit  .onbs 
arrive  the  na  ;  I  s  ,u  r.1^  Mi*  i-i  mi 
AM  oi   I  be  aboVe 

A  good  rule  1-*r  ^tli-ctin^  tl»»*  T.'ieih  M 
a  naM   t<<  Ihj  co-ed  tn  t*To.  ul  (^a^trtK  t  u-ri 

t  hat    t  h*>  (Ml  I   ^henld  be 
1,    the  ^aneT  leugt  it  as  th*-  boaid  thwkues^ 

It    Is    i tit  ended   t  ^         noi  t 

JM  tin    tfiukn*",^  of  tin   1  -- ■■  i r - 1  n  N 
to  hold 

L   Lit   least   3  t  mu  s  t  h*1  thi^kn*        .1   t  lie 
wood   it    i 4    intended  t4>  hold 
K    least    '*  t  imos  the  thnkn*  .**    M  the 
hoard  it    is   intended  to  hold 

What   tvi.v  of  nail    is  ^iiiTi]!     nv  d  f"r 

both   xfioMui*!  and  hcii*-  ing-i  o«j^t  ru,  t  ion 

framing 

1 «  C  omiruxt  wire 

J ,  Duplex 

L   tin  i  mi  J  in* 

*.  Mold  i  ^ 

Uhi-tj  oj  rht  (  MoWii  -  '>  *)  ]  -hon^d  vdij 
iiho  to  fast  i  Li  e-Titi  1 1 1  r^iniv  mat  ei  i  a  I ° 
1  .  PI  uu  r  'I'm,- 

i.  ' i  o  - 1  'ii  i  *l  1 1   l  int   i  - jo J  i.  i 


In 


t  iMi 


1  1  M  i 
■  U 


Ivhat  t '  i1*'    uu!  -xi/i  oi  na  i  !    di-i-'ld  1  >i 

ll^O    t 'lT     H>1  1     I  Oof  U)j*  4 

!  .    Md   Irir^e  flafhead 

1 .     8d  ext  r  l  1  Artie  f  I  U  lu  ^d 

K     ?l    ^nal  1  f  lathead 

* .     Vi  1  ir^e  *'  ^ atfu-xi  J 

Willi  h  of  i  hf   following  f.ixtors  favoj-  the 

use  af  scrc-ws  instead  of  nai  N' 

1.   Srrtw**  are  less  expensive 

.\  Ihe  ho Min^  p^uvr  of  xcrews  is  le^s 

Sor*'Vs  tan        withdrawn  witfi  I**ss 

diimaci' 

'.vhv  si'inN  t  tie  starter  hoU-  f^i  a  wood 
screw  be  drilled  to  a  dipt  h  1/^  r^r  II  i 
the  length  of  the  threads  to  lie  an.elmied'* 
]  r   To  redtit  e  t  imo  md  ^fJort  required  to 

dr ive  t he  si  r vw 
.\  T'^  insure  acetirar  v  in  the  plaeement 
t lie  si  rew 

3  .   fo  red ti re  rhnm  us  of   sp \  j  r  t  i ni>  i  ht» 

xvOod 

*  -  Fi-h  of  the  above 
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4-61.     In  order  to  provide  a  gripping  base  for 
a  bolt  that  is  to  be  installed  in  a  pre- 
drMled  hole,  vou  should  use 

1.  predrilled  shields 

2.  expansion  fillisters 

3.  wedging  shims 

4.  expansion  shields 


-62*    Refer  to  textbook  table  4-6.     What  ir i 1 1 
size  would  be  used  to  drill  a  pilot  hole 
for  a  So.  5  screw? 
K  1/16 
2,  7/64 
J,  1/8 
4.  1/4 


4-68*    Most  Navy  woodworking  accidents  art* 
caused  by 

1,  violations  of  safety  roles 

2,  faulty  equipment 

3,  lack  of  woodworking  experience 

4,  inadequate  supervision 

4-69.     By  which  of  the  following  means  can  vou 

help  spread  the  word  about  ^afe  practices 
in  equipment  operat ion? 

1.  Post  safety  rules  near  tin-  equipment 

2.  Post  safety  rules  on  bulletin  boards 

3.  Make  safetv  rules  available  to  equip- 
ment operators 

4 .  All  of  the  frbow* 


4-63*    Uljicii  tvpe  of  bolt  has  the  upper  part 
of  its  shank  designed  to  grip  the 
material  in  wnieh  it  is  inserted? 
K  Carriage 

2.  Stove 

3.  Machine  . 

4.  Expansion 

4-6i.  Where*  a  close  tolerance  is  required  in 
fastening  metal  to  metal >  which  of  the 
following  bolts  should  vou  use'* 

1.  Stove 

2.  Machim- 

3.  Expansion 
j.  Carriage 

4-6*>,-  Ho]t>s  dnllud  in  wood  for  driftpins 

are  slightly  smaller  than  pin  diameter 
to  enable  wood  fibers  to  hold  the  drift- 
pins  tightlv, 

■4-66.    Vhat  type  of  fastener  should  vou  use  to 
join  the  mitered  corners  of  a  picture 
frame? 

1 .  Corrugated 

2.  Driftpins 

3 .  Compression 

4.  Finned  bolts 

4-67.    Which  of  the  following  glues  is  generally 
used  for  joint  work  and  furniture  con- 
st rue t  ion^ 
I  *  Animal 
2,  Vegetable 
>.  Fish 
4.  Casein 


Learning  Objective:    State  the 
causes  of  most  Maw  woodworking 
accidents  and  list  some  of  the 
precautions  to  be  observed 
within  the  working  spaces.  Textbook 
pages  i-41  and  4-42. 
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Assignment  5 


Fiber  I  Ine/  wire  ftsp&>  and  Scaffolding 
Textbook  Assignment:    Pages  5-1  through  5-28 


Learning  Objective:    Recognize  the 
types,  sites,  and  load  bearing 
capacities  of  fiber  line  and  wire 
rope  and  the  care  of  line.  Text- 
book pages  5-1  throngh  5-11* 


5-1.    What  kind  of  fiber  is  best  fqjf  making 
fiber  lines? 

1 .  Hemp 

2.  Sisal 

3.  Manila 
4*  Cotton 

5-2.    What  kind  of  vegetable  fiber  is  nsed 
for  small  cordage? 

1.  Manila 

2.  Hemp 
3-  Sisal 

5-3*    In  areas  that  are  highly  susceptible 
to  marine  borers,  what  type  of  fiber 
line  should  be  nsed? 
1*  Kemp 

2.  Manila 

3.  Nylon  * 

4.  Sisal 

5-4*    In  line  fabrication,  opposite  twisting 
of  fibers  prevents  moisture  from 
entering  the  line  and  keeps  the  fibers 
from  unlaying  under  a  load. 

5-5,    what  type  of  line  is  composed  of  four 
strands  twisted  together  in  a  ocight- 
hand  direction  around  a  core? 
±*  Hawse-laid 

2.  Shroud-laid 

3,  Cable -laid 
4+  Plain-laid 

5-6,    The  site  ofsmall  stuff  is  designated 
by  its 
1*  diameter 

2,  circumference 

3,  number  of  strands 

4,  number  of  threads  per  strand 


5-7.    What  is  the  largest  size  of  manila 
line  ordinarily  carried  in  stock? 

1.  12  in. 

2.  2  in 

3.  8  in 

4.  16  in. 

5-9.    The  rul«  of  thumb  for  finding  the 
breaking  strength  (bs)  of  manila 
line  is 

1.  C2  X  900 

2.  C2  X  2400 

3.  IT  X  900 

4.  D2  X  2400 

5-9.    Why  is  a  wide  margin  between  the  safe 
working  load  and  the  breaking  strength 
of  fiber  line  desirable? 
1.  To  allow  for  the  strain  imposed  only 

by  jerky  movements 
2*  To  allow  for  the  strain  imposed  only 

when  the  line  is  bent  over  sheaves 
3.  To  allow  for  the  strain  Imposed  by 

jerky  movements  and  when  the  line  it 

bent  over  sheaves 
4*  To  allow  for  the  various  types  of 

fibers  used 

5-10.    Wha;  is  the  formula  for  finding  the  safe 
working  load  (SWL)  of  fiber  line  in 
pounds? 

1.  D  X  150 

2.  C  X  150 

3.  X£  X  150 

4.  CT  X  150 

5-11.    What  is  the  SWL  of  a  line  *hose 
circumference  is  6  inches? 

1.  1800  lb 

2.  2400  lb 

3.  3800  lb 

4.  5400  lb 

5-12.    What  percentage  of  the  SWI*  Cor  a  nev 
line  can  be  added  without  exceeding 
the  breaking  strength  of  the  line? 

1.  10% 

2.  20% 

3.  30% 

4.  40% 
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5-13,    what  is  the  safety  factor  of  a  frequently 
used  line? 

l-  a 

2,  6 
4,  4 

5-14.    What  is  the  only  agent  to  u$e  in 
cleaning  a  muddy  fiber  line? 

1.  Water 

2,  Kerosene 

3.  Linseed  oil 

4 ,  Soapy  water 

5-15,    The  size  of  wire  rope  is  designated  by 
its 

1*  citcumfexent^ 

2,  diameter 

3,  weight  pzx  running  foot 

5-16,    Which  of  the  following  wire  ropes  is 
most  flexible? 

1,  6  X  14 

2,  6  X  19 

3,  6  X  21 

4,  6  X  37 

5-17,    Wire  ropes  having  wire  strand  cores  are 
less  heat  resistant  but  more  flexible 
than  fiber-core  wire  copes. 

5-18,    Preformed  wire  ro>j  has  a  tendency  to 
fly  apart  when  it  is  cut  or  broken* 


5-19, 


5-20, 


5-21, 


5-22, 


5-2  3, 


5-24, 


5-25, 


5-26, 


5-27. 


Figure  5A* 


What  is  the  size  of  the  wire  rope 
shown  in  figure  5A? 

1,  1  in-,  6  X  19 

2,  1  in,,  6  X  24 

3,  3  1/8  in,,  6  X  37 

4,  7/8  in,,  6  X  24 

What  is  the  NAVFAC  formula  fox  finding 
the  SWL  of  wire  rope  in  tons? 

1,  C  X  4 

2,  D  X  4 

3,  CI  X  4 

4,  D    X  4 

What  is  the  SWL  in  tons,  of  a  1-1/2  in, 
wire  rope? 

1,  12 

2,  9 

3,  7 

4,  6 

The  SWL  of  old  wire  rope  should  be 
reduced  by  what  percent? 

1,  15 

2,  25 

3,  50 

4,  70 

Which  of  the  following  is  a  common 
cause  of  wire  rope  failure? 

1,  Kinking 

2 ,  Jumping-of  f  sheave  s 

3,  Being  dragged  over  obstacles 

4,  Each  of  the  above 

Which  of  the  following  lubricants 
is  best  fox  wire  rope  that  has  h*en 
exposed  to  salt  water? 

1,  Wax 

2,  Linseed  oil 

3,  Graphite  grease 

4,  Mineral  spirits 

What  percental  of  broken  wires  in 
a  vi re  rope  renders  the  rope  unsafe 
for  normal  use? 

1,  10% 

2,  8% 
3-  6% 
4,  4% 

Failure  to  lubricate  *  hemp-core  wire 
rope  will  cause  the  core  to  drv  ^Mt 
and  collapse  or  shrink. 

When  rope  clips  are  used  to  make  eye 

splices  in  wire  rope,  the  U-bolt  of 

the  clip  should  bear  againrt  the  working 
end  of  the  rope. 
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5-28. 


5-31. 


To  make  a  temporary  eyp  splice  with 
a  3/4  In-  wire  rope*  how  many  clips 
should  you  use? 

1-  One 

2-  Two 

3,  Three 

4 ,  Four 


Figure  58, 

5-29-    Which  illustration  in  figure  5B  shows 
the  correct  method  of  forming  an  eye 
splice  in  a  1/4-in.  wire  rope? 
1-  A 

2.  8 

3.  C 

4.  D 

5-30,    The  wedge  socket  end  fitting  on  a  wire 
rope  tightens  when  a  strain  is  placed 
on  the  wire  rope , 


Learning  Objective:    Recognize  the 
fundamentals  and  practices  asso- 
ciated with  the  use  of  block  and 
tackle  assemblies.  Textbook 
pages  5-12  through  5*21, 


What  type  of  tackle  system  js  an 
assembly  of  blocks  ir>  which  mo^c  than 
one  line  Is  used? 

1 .  Compound 

2.  Double  whip 

3.  Simple 
4-  Triblock 

The  standing  part  of  the  line  is 
attached  to  the 
1-  breech 

2,  becket 

3.  sheave 
4-  strap 


Figure  5C, 

5-33,    Which  of  the  following  tenns  describes 
the  condition  of  the  blocks  shown  in 
figure  5C? 

1-  Double  tackle 

2-  Tackle  to  tackl* 
3,  Two-blocked 

A,  Close-blocked 

5-34,    why  are  blocks  used  in  a  tackle 
assembly? 

1,  To  change  direction  of  pull  only 

2,  To  provide  a  mechanical  advantage  only 

3,  To  change  direction  of  pull  and  pro- 
Vide  a  mechanical  advantage 

The-  opening  in  the  block  *hrouqh  which 
the  line  passes  is  th^ 

1.  swallow 

2,  cheek 

3.  breech 

4,  frame 

5-36,    When  selecting  a  block  for  use  with 
fiber  line,  as  a  rule  you  should 
select  one  whose  length  is  about 
1*  10  times  the  diameter  of  the  line 

2,  2  times  the  circuit ference  of  the  line 

3,  3  time3  the  circumference  of  the  line 

4,  4  times  the  diameter  of  the  line 

5-37,     In  the  absence  of  a  table,  a  rule  of 
thumb  for  determining  the  diameter  of 
a  wire  rope  sheave  says  that  the  sheave 
diameter  be  about 

1,  la  times  the  diameter  of  the  wire 

2,  20  times  the  diameter  of  the  wire 

3,  3  times  the  circumference  of  the  wire 
4-    4  times  the  circumference  of  the  wire 
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In  rigging  a  tackle  with  l/2-in-  wire 
rope,  you  should  select  blocks  that  have 
a 

1.  sheave  diarater  of  about  10  in. 

2.  length  of  about  20  in. 

3.  sheave  circumference  of  about  10  in. 

4.  sheave  diameter  of  about  20  in. 

5-3$.  what  tvpo  ox  block  ran  be  installed  at 
any  point  of  a  wire  rope  or  fxber  line 
without  threading  through  the  Mock? 

1.  Swivel  fairlead 

2.  Swivel  sliackie 

3.  Crtatch 

4.  Quick  latch 

E-40.    When  a  snatch  block  is  used  in  a  rigging 
system  for  the  purpose  of  changing 
direction  it  does  not  affect  the 
mechanical  advantage  of  the  tackle  in 
this  system, 


Figure  5d. 

5-41-    What  type  of  tackle       used  to  lift  the 
100  lb  weight  in  figure  5D? 
1.  Single  luff 
/  2.  Lrun 

3.  : unner 

4.  single  whip 

5-42,     Inverting  a  tackle  always  results  in 
losing  a  mechanical  advantage  of  one* 

5-43.    When  blocks  are  reeved  with  more  than 
two  sheaves,  the  standing  part  of  the 
falls  should  be  first  led  through 
either  of  the  outside  sheaves  of  the 
block , 


?8 


figure  5E. 

5-44.     In  reeving  a  tackle  with  the  blocks 
shown  in  figure  5E,  you  should  first 
insert  the  standing  end  of  the  fall 
as  shown  by 

1.  A 

2.  B 

3.  C 

4.  D 

5-45.     The  simlUst  method  of  determining  the 
mechanical  advantage  of  a  tackle  is  by 
1*  counting  the  sheaves  at  the  running 
block 

2*  deteiiftining  the  diameur  of  the  sheaves 

3.  counting  the  standing  parts  at  the 
stationary  block 

4.  counting  the  number  of  parts  of  the 
fall  at  the  running  block 

S-46.     Of  the  following  type  tackles,  which 
provides  the  greatest  mechanical 
advantage? 
1  i  inverted  gun 

2.  Inverted  singlo  luff 

3.  Double  luff 

4.  ivofold  purchase 


5-49. 


S3 


Figure  5F\ 


In  answering  items  5-47  anJ!  5-48,  refer 


to  figure  5F 


The  load  on  the  tackle  is  150  lb.  If 
the  effects  of  friction  are  ignored, 
how  much  force  must  be  applied  at  A 
to  hoist  the  load? 

1,  100  lb 

2,  75  lb 

3.  50  lb 

4.  20  lb 

If  the  load  is  9oQ  lb,  how  much  pull 
must  ta  applied  at  A  to  overcome  the 
friction  and  lift  the  load? 
1-  300  lb 

2.  330  lb 

3.  390  lb 

4.  570  lb 

what  formula  determines  the  size  of  wire 
rope  it  takes  to  make  a  direct  lift  of 
a  known  weight? 

i.   c  *  As  x  5 


SS  =*  ^  X  9000 


C  *  /2 . 5  X  F 


5-50-    When  a  threefold  purchase  is  used  to 
hoist  a  load  of  4500  lb,  what  is  the 
smallest  manila  line  that  can  be  safely 
used  to  reeve  the  tackle? 

1.  1  1/2  in. 

2.  J  in. 

?.  2  1/2  in. 
4.  3  in. 

>-51.    When  a  certain  size  of  fiber  line  is  NOT 
strong  enough  for  use  in  a  block  and 
tackle  airangement,  wire  rope  of  the 
same  size  should  be  substituted  for  the 
fiber  line. 


Learning  Objective:  Recognize 
practices  associates  with  the 
erection  and  use  of  shear  legs 
anc  tripods,    textbook  pages  5-22 
through  5-25. 


5-52.    How  frany  guy  lines  are  required  for 
operating  shear  legs? 
1-  One 
2.  Two 
1*  Thi.ee 
4  -  Four 

5-5,5.    The  aftei:  guy  on  a  shear  legs  assembly 
should  be  designee  for  strength  equal 
to  what  part  of  tV  load? 
1-  1/4 

2.  1/3 
3*  1/2 

5-54      JVf^r  wrapping  the  tops  of  the  poles 

for  a  shoar  legs  with  Ismail  stuff/  you 
would  tighten  and  secure  the  lashing 
by 

1 ,  mousing 
2  trapping 

3.  guying 

4 .  shearing 

5-55,    ;;hon  preparing  to  erect  a  40-ft  shears* 
approximately  how  far  apart  should  you 
aig  the  holes  that  will  support  the  legsl 

1.  10  ft 

2.  16  ft 

4.  24  ft 

5-^6.    What  is  the  working  capacity,  in  tons, 
of  snear  legs  having  3-by  8-inch  poles 
t^t  are  40  ft  loag? 
1-  10 

2.  8  f 

3.  7 
4-  $ 
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5-57.    What  advantage  does  a  tripod  have  over 
shear  legs? 
1-  It  is  mere  stable 

2.  Requires  no  guys 

3.  Has  greater  load  capacity 

4.  Each  of  the  above 

5-56.    Before  the  tops  of  large  spars  are 

lashed^  about  what  interval  should  be 
maintained  between  the  ^pars? 
1-  1/4  the  diameter  of  the  spars 

2.  1/2  the  diameter  of  the  spars 

3.  3  times  the  diameter  of  the  line  used 
for  lashing 

4.  4  times  the  diameter  of  the  line  used 
for  trapping 

5  59.    What  interval  should  you  maintain  before 
lashing  the  tops  of  slender  poles  that 
are  less  than  20  Ct  long? 
1.  1/4  the  diameter  of  the  poles 
2*  The  circumference  of  the  line 
3.  1/3  the  circumference  of  the  pol^ 
4+  Slightly  greater  than  twice  the 
diameter  of  the  line  used 

5-ec.    The  spread  of  t-ipod  l<-gs  should  NO?  be 
more  than  one-half  the  length  of  the 
legs . 

5-61.    The  hook  of  the  upper  block  of  a  tackle 
assembly  is  held  in  position  by  means 
of  a 

1.  sling  placed  over  the  center  leg 
and  around  the  outside  two  legs 

2.  sling  over  either  outside  leg 

3.  wedge  socket  attached  to  the  center 
lee* 

4+  eye  splice  attached  to  either  out- 
side leg 


Learning  Objective:     Recognize  the 
types  and  uses  of  ladders  and 
scaffolds.     Textbook  pages  r>-26 
through  5-28. 


5-62  +    A  single  portable  ladder  should  NOT  be 
longer  than 

1.  18  ft 

2.  20  ft 

3.  25  ft 
4+  30  ft 

5-63-    How  far  from  the  Vertical  plane  of  its 

upper  support  may  the  foot  of  an  unlashed 
20-ft  portable  laOder  safely  bo  placed? 
1*    5  ft 

2.  8  ft 

3.  9  ft 

4.  10  ft 


5-64-    The  maximum  length  that  any  extension 
ladder  should  be  extended  is 

1.  50  ft 

2.  60  ft 

3.  70  ft 

4.  SO  ft 

5-65.    The  sections  of  a  55-ft  extension  ladder 
rt^st  have  a  minimum  overlap  of 

1.  Sjftft 

2.  C  ft 

3.  3  ft 

4.  4  ft 

5-66.    How  many  inches  above  a  landing  should 
the  rails  of  a  fixed  ladder  extend? 
1.  12 
2+  24 

3.  36 

4.  48 

5*67.    The  maximum  permissible  heignt  for  a 
stepladder  is 

1.  14  ft 

2.  16  ft 

3.  18  ft 

4.  20  ft 

">-68+    In  dealing  with  ladders,  you  must  NEVER 
do  which  of  the  following? 

1.  Aspect  ladders  at  regular  intervals 

2.  Paint  ladders  with  opaque  paint 

3.  Discard  ladders  with  missing  rungs 

4.  Protect  the  bases  of  ladders  set  up 
in  thoroughfares  and  driveways  by 
barricades 

5-69+    Metal  ladders  should  NOT  be  used  within 
how  many  feet  of  electrical  equipment 
or  wiring? 
1.  8 

2-  6 
5 

4+  4 

5-70.    What  are  the  minimum  dimen+n^nr  for 

(a)  the  plank  and  (b>  lin^    Pi  a  stage? 

1.  (a)  I  in*,   <b>  1  m. 

2.  <a)  1  m.,   (b)  2  in. 
(a)  2  in.,   <b>  1  m. 

4+   (a)  2  *n.,   <b)  2  in. 
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Assignment  6 


Fibetltnc,  Hi  to  itop^jffld  Scaffolding  (cont Inucd)  :  ^£^1  imu  ^-rnJlntt T  and  ¥y  aviiiSS 
Textbook  Assignment;    Pages  5-2ft  through  5-^2  and         through  *Wl 


  * 

Learning  Obejctive;  (Continued): 

Recognize  the  typ^s  of  usotf  of  *>-3. 

Jadders  -and  scnffolds.  T'^tb*-0^ 

pages  5-28  through  5-37* 


6-1,      A  sta^e  prinarllv  allows  .t  Builder 
move 

1,  uoward  '>"i 

2,  downward 

3,  sid*»  wavs  /- 

6-2,      When  attached  to  outrigger***  the  ^vinginft 
scaffold  *Kan  be  moved  up  or  down  with  J 
block  nnd  tackle. 


Thtj  minimum  ^i/e  lumber  th.it  i  .m  bo  ijsrd 
with  2b-ft  pol<»*  H  Mr  fitfun* 
i .  I  b\  ^ 

,\  ;  bv  6 
1,  :  bv  8 
i  bv  f* 

Whi<n  26-fl   >Mes  jrtj  usvdv  what  tht* 
rcaxinutn  permissible  dist<mt*t*  of  \  ia 
the  fi>Mt<;? 

1.  5  ft 

2.  6  ft  6  in, 
3T  7  fr 

.  7  ft  6  in. 


U 


6-6, 


The  minimum  d  iovtK  ions 
figure  aro 
I  *  t  bv    h  in. 
2.  2         ft  in. 
J.  I  bv    8  In. 
2  bv  10  in. 


In  splicing  j  \vrt  t.- *t  p*  I* 
ainimuti  length  of  t  hr 
\*ou  should  ti*;^ 
I.  6  it 


wtut   I-,  the 

Pi. It  4"  -tlJt 


5.  8 


ft 
ft 
ft 


TrtTu>n  the  iitrt*r  t-nd  of  .i  single- -p.*!*1 
scaffold  putlog  is  Wated  in  a  w*nd<*w 
opening,  wh-it  must  von  do* 

1,  1U*  locate  the  scaffold 

2.  Instil  t  an  innor  i>^>  1  *■ 

}.  Support    It  on  a  Mont  plan*  n.iilcil 
across  the  opt-ninA 
Support  It  with  a  vlinc 


fv-12.    Nov  *>ftrn  mu*it  s*. iff  old 
inspected' 

1.  itailv  before  work  on 

M  arted 
J.  A  miuinum  of  once 
t,    Inured i.1t  el  v  after 
*ii  aff^ld  and  imvc 
Twice  d.illv,  om  r 
nu-nces  in  tin-  .iiorniiiji, 
before  work  cofTftoti*  e< 
no*  >i) 


Iti  ipraont  bo 
on  *j  s*  af  tVld  is 
l  w-rt  k 

tin-  ere*  t  ion  *>f  thi? 
.1  roonn  thereafter 
before  w^rfc  *  ^m* 
and  on  re 
n  tin-  after- 


^-13.     A  stat fold  roav  bt?  ust'd  !\*r  ^t*ri»K 

nau'rial  hi  iiur  u-.ed  b\     revs  other  tlun 
the  crews  woaVintf  oh  Mh*      a  ft  old  as  long 
.i*,  :  hi-  fn.iri-ri.il        secured  pio],t-riva. 

f>-K.    A  -standard  guardrail  o*-  ^.ifetv  bell  ,ind 
I  inv  nti*»t  be  tisv<1  *'n  ,nw      ,s  t  f   Id  tbat 
is  more  than  how  runv  fi-et  ab^ve  ground4 

1.  10 

2.  >i 


6*-8*      Tbc  ml il f miiiTi  sizr  <  i    lumber  tb.it  <  id  bf 
us^d  as  a  bearing  pi  ite  f<-r  a  pole 
scaffold  is 
I  .   I  bv    ^  bv  t  J  Mu 
J  be     h  K    IJ  In. 
^.  :  h    i  bv  U  in. 
*.   1  b\  i:  b\  U>  in. 

6-^.       A  platti-rns  plank  mi*,t  N>UH  N  iv—. 

than  <  i)  vrfut   thh  Invss,    md  miM  N> 
]<>n^  enough  to  vxterid  over         how  ^,stis 
put  legs  witb   *  Tiliiim^n   'f  h<<L  h 

ovt-r  1 

1  .   (d  l  J   in .  f L  l       *    1     *  iv. 

J.    <4>       iw.  ^  >    i  '    ■     "  mi  . 

(a>   J  J/J  in,   i*  i    i       1   1.  :fi 
i.  Lt^   i  in.  ^>  ;  1 4  i     m  i 

6-J0.     P,itenC^d  stcol       ,  if  folding  imludv-  fbc 
iif  wbiib  of  tht    follovfut:  U-ittiri'^ 

1.  -Diagonnl  ^embi-r^  for  bi*n*ing  tbo 

upright  s 

2.  Pl.ink  platforms  jt  t\w  working  IfvrK 
3*  Footing  plates  at  TL     <^lomn  b,i^*-^ 

Earb  of  the  above 


'b.-uld  tn- 


^-IS.     W>K'j*  voij  tr\-  a^VvL*  to  i 

* j  tf  f<'  Id  f^r  a  i  r* L^  i  t 
iti  vh,it  -.fri-n^th  i  iti 
^.iflold  Juiir 

,  IUmw  dnl  * 

L  I  irht  Jul v 
I  tit  <  i  it  <■ 


i  i'  mu  tiv  4Jbirc  1 1  vo :         o^-ni  j- 
t  h*-  -t  nwbird  h^ind  si^i^.Li-  ,iUil 

slinks  n**t-d  for  U  i^tinr  I'l^T-it  i*»ft*» 
,*iH  a-s-SK",  I.Ltrd  ^nifi't^  rn-a*..iri--s  to 
t,iVv  while  working  d«r«'imd  ?>uiU!itt^s, 
I*'>.t  bv^'V  ^-lv^-s  ^-17  t ItrL^n^t       i.1 . 


^-11.     Bra<  k*'t      ,i£f ^ld iti^    md  Liddor  j.!*  h 

tfJ<  lUdf   WlljMl    of    th*-    f^lli^Wl'lK  'dv.13 

iwer  L>t  bor  tv;*<**  ^f  ifloljinw 
I  .  Ea*it  of  or^t  t  ion 
2*  Li-s«  i.ibor  rc*qijir^d  t*-  ^<jt  it 
3.  Ia'«  ttLPtcrial  rcqu^rc^  t"  set 
A .  AH  of  t  h^'  ah-M.-o 


up 
If 


tip 


6 


B 


JL 


^      Jn   (ri^vcr  f       it*?*-  i  hrf         ft- I  „ 


'  wS  ■  it',-"  l*  , 
1  -  A 


through  ft-^. 


^-21.     Thv  vnplncor*^  lew  I  lias  Ki-t»  rouglilv 

tight t*d  m  v>n  t.irfrM  -iTid  th**  Iiim  runu-nt - 
pian  finds  tli.it  ihv  *  r**ssh.iir       SOT  emit*' 
hur  i  soiu.il .     T  >  i  ^rrt-ot  i  ui-  ,  T  hi-  iir*  t  ru- 

1.  r**tJH*  tlu*  ,t7JTrut|i  t«inj!4*nt   m  ri'V 

?,  nan  I  pn  J  ir     thv  f^<  Un**b 

K  r^lra^c  ih<  a/tsn;tb  oKimp 

4.  x  i  ,f%  Jvi'ii  t  hi  rvt  uslv  ui  Ui^i  f  n>*  ^  rt'Ws 

vitb  thv  l^T£*Tl         rot  it  On* 

i»i\»<l 
i  *  .j*'  im^t  h  h*.M 

^  .     < h    t  t'V*3'lf    St  f<'W 

"j.     >.'h,it    t\jnh     f    ■(  vi  l  vm^  d<  Miru\l  t  > 

•  T  i** 1  it  it  i  t  hi'         ■  «   i hi   t  n^il.ir  **,  ir  1 1 

1  .  Vi1  t    Hid  i'  . ,  <  .  viv,        t  M\>  mtth  ' 


- 1  V  i  I  Ir.       i  1 


lit*   iiri  r  i*  r  t  •■ 


P  «     Hi.    -  j  >* h  *  1  *  1  ■  •  *)  1  t 

I  ,    swlrw    r  1  r     11  " 
1  Is' 

*  .     i    ^  *  1  *     ,  i 

*>-  i  »*       N  *  -  t  .  r  *  *  lur  •  * . 

;  it  l    Ij  H*i"3  !s4  ^  .  t  *  t 

1        vW 1  Til*    I  'n<     *n  T 

f  \>U  -  . 

1  v .    a  s|  in*  1 1>  it  r  i  " 

^  l  .  *T  idlt 
.  .  ^  t^k^'t 
K    j  l< 


Ls^  t  i/  1  ri''^        trtiijJ*    iTnJ-itv*idv  ii-  iA 


t  1       ; f  hi  i  lit.* 


1,  Insp, ,  t  ;.  *  i  *.  i 

Whl   h  n,r,  !<jtl 
*■  !  T   ,  f   *         r  ,v 


■\  %i  1 1  "  J '  v  •  ■  I   n>;  l^Vi- 1  Vi  I  *    IjH  «*n*it  i*  *  II  ^ 

*     l^Wl     Ifri*     "I     **lVfit    t'H'U  t*n* 

!*  vi  1   **UM,| , .   rltuh  i*  ;  1 1,  *  i 
t  N    ■  i  nt  *  I     '    t  hi 
1  ,    r  r  j  ,  t! 
" ,    \  ■  \  *  1 

j  •      J  1  *'  .li  n  i 

^'■ht  !•  •  J  hi-  V  j  r  ii  ii  I  *  i .  it  i.m  ~U  v  1 1  *' 
li'iw    m         1       !  * .  r  *  ii  j  f  -  <  i  i  s  t  ,i  Hi  i 

i  **ht  i  u1 
K   H  in  i 


i  iMim  t*  *U  I  it  i  tvi't  /!•  t  h«' 

Lisi        nil  l^h's     f  J  * :  t\*r*-:*t  iji  3 
ti  Vrlmw.     U'^i1'        F  iji's  h-\ 


eric 


6-26*    differential  leveling  is  a  procedure 
for  finding  the 

1.  line  of  night  between  two  points 

2.  horizontal  difference  between  tw^ 
points 

3.  vertical  difference  between  two  points 
radius  of  horizontal  curves 

6-27*    A  bench  mark  with  a  mean  sea-level 

elevation  of  100  feet  is  jsed  as  the  con- 
trolling object  for  a  construction  site. 
It  is  given  an  arbitrary  elevation  of 
feet.    Fov  construction  purposes  what 
is  the  elevation  of  an  object  10  feet 
higher  than  the  bench  mark* 

1.  50  ft 

2.  60  ft 

3.  100  ft 

4.  110  ft 

6-28*    After  setting  up  the  engineer***  level, 

von  take  a  backsight  reading  to  give  tin- 
I.  height  of  instrument  01, 1.) 
2*  distance  of  the  bench  mark 

3.  location  oi  foresight 

4.  height  of  foresight 

^     In  answering  items  6-29  and  t>-3<>.  a^ume 
that  Booth*  ti  mis  a  perfect Iv 

adjusted  wve  Iwt'i  on  a  210-frot  bench  mark  and 
that  the  horizontal  crosshair  intersect*;  a  rtd, 
renting  vertically  <>n  the  bench  mark,  at  the 
rod's  J>-foor  mark.     Booth  then  turns  the  level 
180*  and  trains  it  on  a  target  rod  set  verti- 
cally on  the  target  stake,     The  reading  on  this 
target  rod  Is  10  feet . 

6-29!    What  is  the  (H,I.)  tff  Booth's  teveP 

1,  205  ft 

2,  210  ft 

3,  215  ft 

4,  220  ft  ' 

6-30*    What  is  the  elevation  of  &oorh*s  target** 
1*  205  ft 

2.  210  ft 

3,  215  :t 
220  ft 

6-31*     In  order 
its  case, 
1,  Te^ese. 
2*  Level 

3.  V^otpl. 

4,  Level! 


k02.    The  following  step*.  «iri'  "^it-en  In  setting 
up  a  level: 

A.  Mount  inst rumriit 

B.  Remove  thread  ^r^tect^r  cap 

C.  f^atse  instrument  trum  box 

D.  Set  tripod 

In  what  orth-r  5h.,a U  t!<<  v  T>*  performed? 

1.  A,  Ct  B,  D 

2.  A,  B,  C,  D 

3.  B,  C>  A 

4.  Dt  A,  ft  B 

6'-3'i.     tn  leveling  an  en^inorr  Ts  level ,  the 
bubble  wiH  move  in  the  direction  that 

1.  v^ur  left  hand  move*:  when  the  left- 
hand  thumbscrew  Is  turned  counter- 
clockwise 

2 .  vour  right  thumb  moves  when  vou 
rotate  the  thumbscrew 

i.  vour  right  hand  tnove*:  when  the  right* 
hand  thumbscrew  i s  turned  clockwise 
vour  left  thumb  moves  when  vou 
rotatt  the  thumbscrews 

h-V*.     A  w,iv  to  eliminate  instrument 

error  in  a  U-wl  run  »s  to 

1 ,  jrf  tust  the  inst  rtment  Careiully 

2,  t  ili   kick^ht^  and  foresights 
J.  iiM   tSe  mn*it  pri  t  i^i-  Instrument 
'..  -.ili^t  ^**;up  point-  t->  eaujliae 

ksi^ht  and  fitter  L^ht  (list  ACu 


to  remove  the  dumpy  level  from 
what  part  should  you  grip1* 
ope 
bar 
ate 

ng  plate 
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G'J  7 


Figure  6C-Series  of  turning  points 


6-37. 


U  answering  items  *-35  and  6-36,  refer 
to  figure  60. 


6-M.  In 


6-35.    What  is  tho  H 

1.  6.5  ft 

2.  135.8  ft 

3.  138.5  ft 
Ut  139.9  ft 


6-36.    What  U  the  elevation 
K  109.7  ft 
2.  116.7  ft 
i.  129.7  ft 
4.  135.0  ft 


I .  of  the  second  ^etnp? 


.if  point 


6-3«* 


When  vo«  are  levying  an  instrument  it 
is  a  good  practice  to  have  a  distance 
between  the  KM  *nd  FS  <>f  lesv  than 

1.  100  ft 

2.  100  ft 

3.  500  ft 

4.  700  ft 

Ulut  eifect,  if  anv,  will  holding  a  rod 
out  of  plumb  have  ^  the  rodman  »  reading. 
1    The  reading  is  increased 

2.  The  reading  U  decreased 

3.  Kone 

ft- lo     When  you  are  stowing  the  level ,  U  1* 
6  3       desirable  to  slightly  tighten  th*  azimuth 
clamp  and  leveling  screws  ko  prevent 
movement  of  parts  inside  the  case. 

ft-40.    When  carrying  the  U/el  and  ''J*  J 

through  heavy  brush,  you  should  car rv 
th^o  ovt-r  the  shoulder  i  IVp  a  rlf  K  . 


.„  the  target  reading  method  of  survey- 
ings who  reads  the  rod? 

1.  Chairman 

2.  instrumentman 

3.  Flagman 
U  .  Rodman 

6-A>      What  color  are  tho  large  numerals  that 
indicate  the  foot  markings  on  . 
Philadelphia  rod^ 

1 .  Red 

2.  White 

3.  Black 
4t  Yellow 

6.43.    VI,,.  unable  to  read  the  ^  "'VS™ 
1  he  rod,  what  should  voa  have  tb>  rodman 

do* 

1 .  "Read  the  rod" 

2.  "Lowtr  the  rod** 

3.  "TUise  the  rod" 

4.  %T,ivt-  the  rod" 


3i> 


^3 

:2 


Figure  63 

6-44*    What  is  the  direct  reading  of  the  rod  m 
figure  6D? 
1.  3. $7 
2. 

3.  4,03 

4.  4,06 

6-45*    The  use  of  the  vernier  scale  aids  you 
to  make  readings  up  to  what  fraction 
of  a  foot? 
1.  1/10 
2*  1/12 

3.  1/100 

4.  1/1000 


Figure  6£. -Target 


6-46.    In  figure  6E,  the  target  reading  is 

1,  1,125  ft 

2,  1,154  ft 

3,  1.302  ft  , 

4,  1.540  ft 


Figure  6F*~Rod  Vernier 


6-47,    Figure  6F  shows  a  rod  vernier  reading  of 

i,  e,i28  ft 

2*  $,260  ft 
3*  9.120  ft 
4.  9*128  ft 

6-48*    When  the  rodxan  finds  it  difficult  to 

hold  the  rod  perfectly  plumb,  It  should 
be  waved  back  end  forth  to  allow  the 
levelman  to  read  the  lowest  reading 
touched  by  the  crosshair. 

6-49.    What  should  be  used  to  clean  grease  and 
dirt  from  the  Philadelphia  rod? 
1*  Paint  thinner 
2*  Fine  steel  wool 
3*  Turpentine 
4*  Mild  soap 


(Hi: 


The  correct  expression  of  the  mathetnat ical 
check  for  tJit*  level  run  of  textbook 
figure  6*18  is 

1.  Sum  of  foresights  -  sum  of  backsights* 
elevation  of  summit  -  elevation  of 
base 

2.  sum  of  foresights  V  sum  of  backsights= 
elevation  of.  summit  -  elevation  of 
base 

3-  sum  of  backsights  -  sum  of  foresight sB 
elevation  of  base  +  elevation  of  summit 

4.  sum  of  backsights  -  sum  of  foresights3 
elevation  of  summit  -  elevation  of 
base 

While- leveling,  the  Instrument man  fails 
to  center  the  bubble  in  the  level  tube 
vial.    This  is  classified  as  a/an 

1 .  natural  error 

2.  personal  error 
3*  instrument  error 
4.  mistake 

Recording  a  value  in  ttie  wrong  column 
in  a  fieldbook  is  classified  as  aAin 
1  *  natural  error 

2.  personal  error 

3.  instrument  error 

4.  mistake 


Learning  Objective;  Recognize 
fundamentals  of  laying  out  build- 
ing lines  and  locating  corner 
points;  recognize  the  function  of 
batter  boards*  and  determining 
dimensions  of  excavations  accord- 
ing to  specifications.  Textbook 
pages  6-36  through  6-19. 


WhiL'h  of  the  following  terror  refers  to 
the  elevation  of  a  proposed  surface  that 
is  artificially  created? 

1 .  nlan  grade 

2 .  Ex  1st  in#  grade 
3-  Gradient 

4.  Line  grade 

The  grade  elevation  of  a  level  horizontal 
pl/»ne  surface  Is  shown  on  a  pW  plan  hv 

1.  solid  contoar  lines 

2.  broken  contour  lines 

3*  outlining  the  area  arid  writing  the 

elevation  inside 
4.  evenly  spaced  contour  lines 

Building  corners  can  be  laid  out  with 
reference  to 

1.  i  control  bast-line 

2,  i.  rmtftur  1  ines 
i,  hotter  huards 

^.  vortical  control  points 


Figure  6(i. -Layout  of  a  small  building, 

£     In  answering  items  f>-56  and  6-*>7,  refer 
to  figure 

6-^6.    Applying  the  Pythgorean  theorem*  what 
lines  should  you  ust-  to  oahulate  Ihc 
hypotenuse? 
1  •  All  and  BC 

2.  AE  and  BC 

3.  AU  and  AE 
U .  Br  and  BI> 

f>-57.    Assume  that  line  Kii  is  parallel  to  line 
RC.    To  *et  points  E  and  H  In  the  figure 
by  the  use  of  tapes*  and  without  square 
root  calculations  or  a  transit,  you 
should  mark  the  tape*  with  lengths  of 

1.  15  and  20  ft 
2-  27  and  36  ft 
3.  40  and  50  ft 
4-  40  and  70  ft 

6-58,    The  function  of  batter  boards  is  to 
5  -  protect  corner  stakes  from  being 
knocked  over 

2,  prevent  cave-ins  at  excavation  corners 

3.  provide  a  means  for  reestablishing 
building  lines  when  the  stakes  have 
been  disturbed 

4,  mark  the  outside  dimensions  of 
excavations 

6-*»9.    Batter  boards  art*  used  for  both  hori- 
zontal and  vertical  control  in  maintain* 
Ing  specific  elevations. 


Learning  Objective;    Point  out 
safety  practices  applicable  to 
clearing,  burning,  and  excavating 
operations.    Textbook  parte*; 
through  6-21 . 
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6-60.    Before  the  starr  of  filling  operations* 
which  of  the  following  tasks  should  bo 
performed? 

1.  Clear  the  area  of  all  growth  that 
would  interfere  with  operations 

2.  Inspect  all  trees  for  dead  or  entang- 
ling limbs 

3.  L^ok  the  area  over  carefullv  for 
avenues  of  escape 

4.  All  of  the  above 

.    Which  of  the  following  practices  must  NOT 
be  permitted  in  the  felling  or  trimming 
of  trees? 

\.  Felling  hollow  trees  with  chain  saws 
2.  Carrying  unguarded  &harp-edged  tools 

whf  le  cl  imbing 
J.  Trimming  dead  limbs  in  high  winds 
i.  AH  of  the  above 

6-62.  When  poison  oak,  poison  sumac,  or  poison 
ivv  is  being  burned,  placing  or  punching 
the****  materials  while  burning  operations 
\rv  b«ing  carried  on  should  be  done 

1.  from  the  witfdward  side 

2.  downwind  from  the  burning  material 

3  +  in  the  dn»*<*tn>n  from  which  the  wind 

6-63.    Personnel  working  with  poisonous  plants 
should  ^OT  wear  the  same  clothing  more 
Chsin  1  dav  t  unless  it  has  be*n  cleaned. 

6-f>4  .    Prior  to  e^iwuing  an  area  for  a  build- 
ing foundation*  vou  should  check  which 
the  f>ll*ivin£  factors' 

1.  FVderal,  ^tdte*  or  local  codes 

2.  Your  equipment  10  insure  thai  it  will 
not  tome  in  contact  with  utilitv  lines 

3.  The  area  for  boulder*?,  trees,  bmld~ 
£ngs  k>r  oth^r  obiects  that,  wht?n 
undercut  >  will  become  hazard**  to 
personnel  .md  equipment 

AH  of  the  above 

6-*o.    Where  heavv  objects  are  to  be  placed 

r*»  a  level  above  and  near  an  excavation, 
the  sides  of  the  excavation  must  be 
shored,  braced,  and  sheet-piled. 

6-fin.    Al  1  f jxed-inplace  ladders  and  platforms 
iKed  in -excavat  b>a«5  should  have  landings 
ai  verHr.iI  intervals  of  NOT  more  than 

1 .  2">  ft 

2.  20  ft 

3.  15  ft 

4.  8  ft 


in 


?0 1 


6-67,  The  sides  of  anetcavation  need  NOT  be 
supported  by  shoring  and  bracing  when 
the 

1.  personnel *are  not  required  to  work  in 
the  trench 

2.  depth  of  the  trench  does  not  exceed 
A  ft 

3.  sides  of  the  excavation  are  sloped 
to  the  angle  of  repose 

4.  excavation  is  being  completed  in  a 
previously  filled  area 

6-6B.    How  close  to  an  open  5-foot-deep  trench 
should  excavated  material  be  placed? 

1.  Between  1  and  5  feet  from  the  edge 

2.  As  close  as  possible  but  not  so  close 
that  the  earth  will  fall  back  into 
the  trench 

3.  No  closer  than  2  feet 

4.  No  closer  than  3  feet 

-69.    For  safety,  at  what  depth  should 

excavation  be  provided  with  ramps  or 
ladders'' 

1.  8  ft 

2.  6  ft 

3.  5  ft 

4.  4  ft 


Assignment  7 


LEVELING t  GftADlijG,  AND  EXCAVATING  (continued):  CQHCRETE 

Textbook  Assignment:    Pa$es  6-21 ^through  6-25  and  7*1  through  7-31, 


Learning  Objective,-  itecognize 
fundamentals  of  excavating  and 
identify  excavation  safety  measures. 
Textbook  pages  6-31  through  6-35 


7-1,    Excavating  is  a  term  which  deals  with  the 
removal  of  soil  for  parts  of  a  structure 
which  will  be  below  finish  grade, 

7"2,    How  much  Cubic  yards  of  earth  must  be 
removed  from  an  excavation  that  is 
25  ft  wide  by  50  ft  long,  with  the  depths 
of  the  corners  being  3  ft,  3,5  ft,  5  ft, 
and  6  ft? 

1,  135  cu  yd 

2,  156  cu  yd 

3.  191  cu  yd 

4.  218  cu  yd 


Figure  7A,  Wall  section,  showing  excavation 
data, 

^    In  answering  items  7-3  and  7-4 
refer  to  figure  7A, 
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7-3-    When  specifications  call  for  an  excavation 
co  be  8  inches  below  finished  planes  of 
the  baaemenc  floor  levels*  how  deep  an 
excavation  is  required  for  the  section? 

1.  5  ft  9  in. 

2.  6  ft  5  in. 

3.  7  ft  1  in. 

7-4.    How  far  below  Che  bottom  of  the  basemenc 
excavation  does  the  boctoro  of  the  foocing 
exc  end? 

1.  I  in. 

2.  2  in. 

3.  *i  in, 

4.  4  in.- 

7-5.    If  cht  excavation  for  the  wall  seccion 
were  actually  made  Co  a  depch  of  8  fc 
1  in.*  whaC  should  be  done? 

1.  The  fill  should  be  decreased  by  a  fooc 

2.  The  fill  should  be  increased  by  a  fooc 

3.  One  vortical  fooc  of  excavated  mace- 
rial  should  be  compacced  into  the 
excavation 

4.  The  vertical  dimension  of  the  footing 
should  be  increased  by  a  fooc 

7-£,    When  excavacing  in  an  area  thac  is  mostly 
fire,  what  should  you  make  the  angle  of 

repose? 

1.  5V  Co 

2.  10°  to  2']° 
3  2',°  to  45° 
4.   4r,°  to  &0° 


7-10. 


7-11. 


Whac  type  of  sheec  piling  has  chree 
planks  bolcetf  cogether  with  the  center 
plank  offset  for  tongue -and -groove 
joinxng? 

1.  Wakefield 

2.  Wales  . 

3.  Bearing 

4.  Bacter 

For  excavacion  depths  up  to  approximately 
32  feet,  che  chickness  of  wooden  sheec 
piling  muse  be  ac  LEAST 

1.  6  in 

2.  2  in, 

3.  3  in. 

4.  4  in. 


Learning  Objeccive i  Explain 
procedures  in  obtaining  quality 
concrete.    Textbook  pages  7-1 
chrough  7-4. 


Whac  causes  concrete  co  harden? 

1.  The  active  ingredients  dry  out 

2.  The  inert  ingredients  dry  ouc 
The  active  ingredients  combine 
chemically 

4.  The  inerc  ingredients  combine 
chemically 


-13.     Concrete  has  a  very  hxgh  abilicy  to 

resist  scretching,  bending,  and  twisting, 


7-12. 


7-9. 


To  be  safe,  at  vnac  minimum  depch  should 
you  jrrovi^  support  to  ch<?  walls  of  an 
excavat ion? 
K  1  ft 

2.  2  ft 

3.  \  ft 
4    4  ft 

Supported  by  longitudinal  wales  or 
rangers,  scathing  consists  of  wooden 
flanks  vertically  placed  edge-to-edge* 

Sheathing  muse  be  progressively  installed 
anr3  braced  at  whac  interval  of  depth? 

1,  8  fc 

2.  6  fc 
}.  5  fr 

4.  4  ft 


7-14.    What  is  the  principal  factor  that 
controls  the  strength  of  concift*L? 
1 .  Drying  out 
^.  Water-cemenC  rat  10 

3.  Durability 

4,  Reinforcement 

7-15.    The  major  factor  thac  cortrols  the 

durability  of  concrete  is  1 1 strength. 


40 


7n> 


7-16.    As  water  is  added  to  the  mix  beyond  the 
ajnount  that  is  needed  to  hydrate  the 
cement,  concrete  becomes  nor?  workable 
and  less 

1.  porous 

2.  heavy 

3.  fluid 

4*  watertight 

7-17.    The  production  of  900*1  concrete  is 

impossible  unless  good  quality  materials 
are  used  in  a  mix  and  they  are  properly 
1*  cured  and  dried 

2.  puddled  and  dried 

3.  worked  and  cused 

4-*  fortified  and  cured 


Learning  Objective-,    Describe  the 
tngredients  of  concrete,  and  their 
uses  in  the  mix.    Textbook  pages  7*4 
through  7-9* 


7-18.    The  Portland  cement  in  general  use  today 
is  manufactured  from  finely  ground  lime- 
stone which  is  mixed  with  which  of  the 
following  materials? 
1-  Clay 

2.  Shale 

3.  Marl 

4*  Each  of  the  above 

7-19.    Type  III  Portland  cement  is  sometimes 
prefer^-d  to  Type  I  cement  for  highway 
construction  because  concrete  made  with 
Type  III  cement  requires 

1.  fi  er  aggregate 

2.  less  reinforcement 

3.  less  curing  time 

4.  coarser  aggr^gat** 


7-20.    What  type  of  cement  was  developed  to 
produce  goo<i  results  m  areas  highly 
susceptible  to  severe  frost  and  1  re- 
conditions? 
1  -  Air  entrained 

2.  Keene's 

3.  Type  V 

4 .  Type  IV 

7-21-    Why  should  cement  bo  store-!  in  a  dry 
place? 

1,  To  prevent  it  from  becoming  concr*  ** 

while  in  storage 
£.  To  prevent  it  from  setting  too  fast 

and  producing  weak  concrete 

3.  to  prevent  it  from  setting  too  slow 
and  producing  weak  concrete 

4,  to  avoid  warehouse  pack 

7-22*    When  storing  sacks  of  cement  in  a  ware- 
house, you  should  stack  them  close 
together  to 

1-  enable  them  to  drav  moisture  from 

each  other 
£.  restrict  the  circulation  of  air 

between  them 
3,  prevent  them  from  becoming  warehouse 

packed 

7-2  3,     Before  using  warehouse -packed  cement 
you  should  ;nake  it  lumpy  free  by 

1.  stacking  the  sacks  to  allow  air  u> 
circulate  around  them 

2.  raising  the  temperature  m  the  act  a 
where  the  cement  is  stored 

3.  rolling  the  sacks  around 

4.  covering  the  sacks  with  tarjaylin* 

7*24,     A  concrete  wall  that  is  mad**  with 

well-graded  aggregate  is  stronger  than  a 

similar  wall  made  with  poorly  graded 

aggregate  because  it 

1-  has  fewer  empty  spaces  m  it 

2.  contains  relatively  little  cuarsfc 

aggregate 
\r  contains  n<_>  fine  aggregate 
4.  Ms  a  better  water -cement  ratio 
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In  the  laboratory  analysis  of  aggregate, 
material  is  classified  as  1  1/2  in.  if 
all  of  the  sample  passes  through  a 

1.  1-iru  sieve 

2.  2-m.  sieve 

3.  1  1/2-ui.  sieve 

4.  1/2-in.  sieve 

When  analyzing  coarse  aggregate,  you  are 
determining  the  percentage  of  material 
which  is  retained  on  the  sieve. 

When  a  field  test  for  cleanliness  of 
aggregate  <>hows  J/4  inch  of  sediment 
on  \  samsle,  why  should  the  aggregate 
was he J? 

I.  The  sediment  decreases  Uie  workability 
of  concrete 

The  sediment  prevents  the  aggregate 
from  becoming  friable 
^-  The  sediment  may  obstruct  hydration 
and  the  cement's  binding  with  the 
aggregate 

The  sediment  will  detract  from,  the 
ajf-^arance  of  the  concrete 

-o  prevent  the  aggregate  from  segregating 
luring  stockpiling,  the  piles  should  be 
Loi.lt  up  in  layers  by  dumping  successive 
lfjal^  a  lor. g  side  ^aoh  other* 

Laitanre  is  produced  on  concrete  when  the 

T>ixwr'j        done  with 

1.   ialt  -Mtf-r 

.  .  dnrkmg  water 

*-         nunim'im  amount  of  water  possible 
l.  aj  '  (t^r.f,  of  water 


l/^irr*m7  Objective:  determine 
lumtitif-;  of  materials  for  concrete 
*ntx*  >  that  m  '!u<V  cement,  water, 
*r  i  ujgrr  jat<s»     rv-xtbook  pages  7-9 


fi-  I!  rrn>t*  the  number  of  gallons  of 
jat^r  jx-r  of  cement  most  be  in- 

~r*,i^d  t>"'ii;'  of  satorated  surface- 
'r>     ■f.liJi  f  'pf  the  sanl. 


7-31.  Refer  to  textbook  table  7-3.  when  the 
specifications  for  a  driveway  call  for 
3,000-psi  concrete  using  l-inch  coarse 
aggregate,  how  many  bags  of  cement  per 
cubic  yard  of  concrete  will  be  required? 

1.  8.40 

2.  7.10 

3.  6.50 

4.  5.80 

7-32.    when  the  si2e  of  aggregate  is  1  1/2  inch, 
which  rule  of  thumb  should  be  used  to 
calculate  quantities  of  raw  materials? 

1.  Rule  39 

2.  Rule  41 

3.  Rule  42 

4.  Rule  38  or  41,  depending  on  whether 
mixing  is  done  by  hand  or  ty  machine 

^     Information  for  iteir.^  7-33  through 
7-35.    Use  the  rule  of  thumb  for 
determing  the  amounts  of  ingredients  for  a 
1  2:5  concrete  mix  when  2-inch  coarse  aggregate 
is  used. 

7-33.     Hov  many  bags  of  cement  will  be  required 
to  make  1  cubic  yard  of  concrete? 

1.  8 

2.  7  1/2  0 
4.  5  1/4 

7-34.     How  many  cubic  feet  of  sand  will  bo 

required  to  make  1  cubic  yard  of  con- 
crete? 

1.  5 

2.  7  1/2 

3.  10  1/2 

4.  12 

7-35.    How  many  cubic  feet  of  sand  and  coarse 
aggregate  will  be  required  to  make 
40  cubic  yards  of  concrete? 

1.  500  cu  ft  of  sand  and  1240  cu  ft 
of  coarse  aggregate 

2.  480  cu  ft  of  sand  and  1200  cu  ft 
of  coarse  aggregate 

3*  475  cu  ft  of  sand  and  1180  cu  ft 

of  coarse  aggregate 
4,  420  cu  ft  of  sand  and  1050  cu  ft 

of' coarse  aggregate 


7-39. 


7-36-    You  tnay  measure  water  for  handmlxing  7-43. 
concrete  with  a  14-qt  bucket  that  is 
marked  off  on  the  inside  in  which  of 
the  following  units  of  measure? 
1.  Quartet-gallons 
2*  Half~gallons 

3,  Gallons 

4,  ail  of  the  above  7-44. 

7-37.  To  measure  fine  aggregate  which  of  the 
following  units  of  measurement  is  most 
accurate?  7-45* 

1.  Cubic  feet 

2.  Pounds 

3.  Cubic  yards 
4*  Square  feet 

7-38-    Concrete  should  NOT  be  mixed  with  just 
enough  water  to  completely  hydrate  the 
cement  because  such  concrete  would  be 
deficient  in 

1.  tensile  strength 

2.  workability 

3.  durability 

4.  compressive  strength 

For  each  layer  of  concrete  placed  in  the 
mold  for  a  slump  test,  how  many  times 
should  you  rod  it? 

1.  25 

2.  50 

3.  75  7^46. 

4.  100 

7*40.    Which  of  the  following  characteristics 
of  concrete  is  measured  by  the  slump 
test? 

1-  Ratio  of  water  to  cement 

2.  Silt  content 
3*  Early  strength 

4.  Consistency  and  workability  7-47. 

7-41.    When  using  the  slump  test,  how  should 
you  bring  the  slump  to  the  desired 
workability? 

1.  8y  decreasing  or  increasing  thtj  amount 
of  aggregate 

2-  By  changing  the  proportions  of  the 

fine  to  coarse  aggregate  7-49. 

3.  By  1  or  2  above 

4.  By  adding  water  to  the  batch 

7-42.    the  water-cement  mixture  is  commonly  7*49. 
referred  to  as 
1-  inortar 

2*  sand-cement  grout 

3.  neat-cement  gr^ut 

4.  concrete 


Tfte  riited  capacity  of  the  concrete 
mixing  machine  i*  determined  by  the 

1.  cubic  feet  of  the  mixed  concrete 

2.  cubic  feet  of  the  dry  ingredients 

3.  cubic  yards  of  the  dry  ingredients 

4.  weight  of  the  dry  ingredients 

In  batch  planv  operations,  the  aggregates 
must  pass  through  a  weigh  box  prior  to 
discharging  into  the  mixer. 

Which  of  the  following  safety  pre- 
cautions applies  to  concrete  batching 
plants? 

1.  Cttly  the  scale  operator  should  be  cn 
the  platform  during  operations 

2.  All  personnel  should  stay  away  from 
hoppers  during  loading  operations 

3.  till  personnel  3hould  wear  vapor-typo 
goggles  during  batching  operations 

4.  Each  of  the  above 


Learning  Objective i  Recognize 
procedures  for  mixing  concrete  by 
hand  and  machine,  and  point  out 
advantages  of  specific  methods  of 
mixing.    Textbook  pages  7-15  through 
7-18. 


You  are  to  mix  a  1:2:4  batch  of  concrete 
*>y  hand,    after  putting  the  sand  onto  a 
mixing  platform,  in  which  order  do  you 
add  and  mix  the  other  ingredients? 

1.  Cement,  water,  aggregate 

2.  Aggregate,  water,  cement 
3*  Aggregate,  cement,  water 
4*  anient,  aggregate,  water 

In  a  16-^  concrete  mixer,  what  is  the 
maximum  Jize  of  aggregate  that  should 
be  used? 

3/4  in. 
1  1/2  m. 


1. 

2. 

3.  3  in. 

4.  4m. 

Water  should  r>e  introduced  into  the 
mixing  drum  of  the  10-S  mixer  before 
th?  dry  materials. 

Vou  are  to  charge  the  skip  of  the  H-S 
concrete  mixtjr.    In  what  order  should 
you  add  the  ingredients? 
1*  Cement,  aggregate,  sar,d 

2.  Aggregate,  cement,  sand 

3.  f^and,  cement,  aggregate 

4.  Aggregate,  sand*  cement 
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7-50.    when  using  a  large  mixing  machine,  how 
much  time  should  you  allow  for  mixing 
2  1/2  cubic  yards  of  concrete? 
1-  1  rain,  15  sec 
2*  1  min,  30  sec 
3*  2  min,  15  sec 
4.  2  min,  45  sec 

7-51.    When  discharging  the  mixer,  you  should 
increase  the  speed  to  the  mixing  dnmi  to 

1.  carry  very  wet  concrete  up  high 
enough  to  be  caught  by  the  chute 

2.  keep  the  dry  materials  from  mixing 
with  the  water 

3.  allow  the  operator  to  mix  the  con- 
crete faster 

4.  decrease  the  mixing  time 

7-52*    The  inside  of  a  concrete  mixer^s  mixing 
drum  should  be  cleaned  if  the  drum  is 
expected  to  be  i^le  for  more  than 

1 ,  20  min 

2.  30  min 
3*  1  hr 
4.11/2  hr 

7*53.    which  of  the  following  safety  pre- 
cautions applies  to  the  skip  of  the 
mixer  and  should  always  be  observed? 

1.  Frequently  inspect  brakes  and  cables 

2.  Prior  to  lowering  the  skip,  insure 
no  personnel  are  under  it 

3.  Prior  to  working  under  the  skip, 
provide  shoring  for  it 

4*  Each  of  the  above 


Learning  Objective:    Point  out 
fundamentals  of  handling  and 
transporting  concrete.  Textbook 
pages  7-18  and  7-19. 


7-54.    to  transport  concrete,  why  is  a  transit- 
mix  truck  better  than  a  dump  truck? 
1*  It  prevents  the  concrete  from  hard- 
ening 

2*  It  prevents  mixing  en  route 
3*  It  reduces  segregation  of  the 
aggregate 

It  can  carry  the  concrete  faster 

7^55.    Hhen  concrete  must  be  discharged  3  or 
more  feet  above  the  level  of  placement, 
it  should  be  dumped  into  an  elephant 
trunk  to 

1.  reduce  segregation 

2.  prevent  spattering 
3*  place  it  accurately 

4,  guarantee  a  workable  consistency 


7-56*  From  the  time  mixing  begins,  concrete 
should  be  dumped  from  rho  drum  of  the 
mixing  plant  witfiin  ho*  -■liiti/  minut*  l>? 
1*  30 

2.  to 

3.  DO 

4.  12<> 

7-57.    What  t  rpe  of  concrete  mixer  ran  djl1 
con  ere  \e  en  route  to  tht*  )oh  site-? 

1.  Ready  mixer 

2.  Portable  mixer 

3.  Transit-mix  truck 

4.  Agitator  truck 


Learning  Objective :    Fecognize  the 
fundamentals  of  formwork,  rein- 
forcing concrete,  and  th^  placing, 
consolidating,  and  finishing  of 
concrete.    Textbook  p.vgo-,  7-]o 
through  7-29. 


7-58.    Sand  streaking  m  cast  t^n*  ji>l^  is 
caused  by 

1 .  rapid  casting 

2.  casting  against  ^ait',  ^"i  f  >uon 
escape*  of  moisture  fzfm  1  fot^s 

4.  esta^  of  mortar  fm    t  j^.s  t 

7-Si.     The  most  cow*1  *  . - 

used  in  buildup  '"vnst \  Ljct  ion  . 

1.  wood 

2 .  earth 

3.  steel 

4.  fiber  board 

7-60.    What  kind  of  board         '  "mV<?*s  wa't+-r- 
tight  joints  for  oor.cn  *•    {  ■*^irq 
material? 
1*  Shiplap 

2.  Tt>ngue  a/id  groove 

3.  Square  ec*ge 

4.  Rough-saw?d  t-dge 

7-61.    T?ie  hydrostatic  head  exerts  on  con- 
crete forms  during  placi^q  operations 
will  normally  contin^    for  arfroxi- 
mately 

1.  11/2  hr 

2.  6  nr 
3<  24  hr 
4.  72  hr 

7-62.     To  prevent  leakage  of  mortar  from 

footing  forms*  the  holes  on  each  side 
of  the  cleat  for  the  passage  of  wire 
used  to  wrap  the  cK  at  sLoild  lv»  less 
than  1/2  inch  in  rtiiL<vt<*r. 
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7-63*    To  make  form  stripping  easy,  form  nails 

should  bo  driven  from  the  inside  whenever 
possible. 


7-70.    How  much  clearance  is  given  in  details 
A,  8,  and  C  of  textbook  figure  7-20  to 
allow  for  form  r&>vement  due  to  the  weight 
of  the  pour? 
1-      1/4  in. 

2.  3/8  in. 

3.  3/4  in. 

4.  1  1/2  in. 

7-71.    When  a  column  of  reinforced  concrete  is 
being  erected*  what  is  the  best  way  to 
prevent  the  wood  forms  from  binding  to 
the  concrete? 

1.  Add  extra  water  to  the  concrete  mix. 

2.  oil  the  surface  of  the  forms  before 
erecting  them. 

3.  Paint  the  surface  of  the  forms  after 
erecting  them. 

4.  Add  oil  to  the  concrete  mix. 


# 

7-64. 


7-65. 


7-66. 


Figure  7B.    Form  for  a  Concrete  Wall 

In  answerinr  items  7-v4  through  7-66, 
refer  to  fig    e  78. 

The  wales  are  indicated  at 

1.  8 

2.  C 

3.  E 

4.  G 

The  spreaders  are  indicated  at 

1.  8 

2.  E 

3.  F 

4.  I 

the  tie  wires  are  indicated  at 

1.  A 

2.  D 

3.  H 

4.  J 

What  devices  are  used  for  tightening 
the  simple  wire  ties  that  are  used  in 
wall  forms? 

1 .  Screed  boards 

2.  Toggle 

3.  Cone  nuts 

4.  Tfee  rods 

What  type  of  form-tying  device  is  used 
with  zone  nvts? 

1.  He  */ire 

2.  Snap  tie 

3.  Shear  tie 

4.  Tie  rod 


7-69.    Because  the  buisting  pressure  is  greater 
at  the  top  of  column  forms  than  at  the 
bottom*  the  yokes  are  spaced  closer 
together  at  the  top. 


7-67. 


7-68. 


7-72*    when  a  suitable  bond-preventing  compound 
is  NOT  available,  what  substance  is 
applied  to  the  forms  to  prevent  bonding 
between  them  and  the  concrete? 

1.  Wax  compound 

2 .  Lacquer 

3.  Marine  engine  oil 

4.  water 


Learning  Objective:    State  the  pur- 
pose of  reinforced  concrete  and 
identify  types  commonly  used..  Text- 
book pages  7-29  through  7-31- 

7-73.    What  type  of  reinforcing  bar  tie  do 

Builders  use  on  special  locations*  such 
as  walls? 

1.  Figure  eight 

2.  cross 

3.  Double  strand 

4.  Saddle 

7-74.    What  minimum  thickness  of  concrete  should 
be  provided  in  footings  between  the 
ground  and  steel? 

1.  6  in. 

2.  8  in. 

3-  3  in. 

4-  4  in. 

7-75.    You  are  splicing  a  1/2  inch  thick  bar  of 
reinforcing  steel  without  the  benefit  of 
drawing  specifications.    What  is  the 
minimum  distance  that  the  bar  should  be 
lapped? 

1.  10  in. 

2.  15  in. 

3.  20  in. 

4.  25  in. 
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Assignment  8 


Concrete  Ic***^  1  n  ued ) 

Textbook  Assignment;    Partes  7-31  thn>u£h  ?-fw 


Learning  Object Ivo  (tant inuod) : 
State  the  purpose  of  reinforced 
coecrete  and  Identify  tvpes  com- 
monly used,    Textbook  pages 
7-31  and  7-32, 


8-1*      All  stee)  reinforcing  bars  for  fh*ot 
must  be  :>tparat  ed  by  at  LEAST 

1.  I  In, 

2*  1/4  In, 

3*  a  distance  equal  to  I  J/3  time*  the 
diameter  of  the  largest  bar 

4*  a  distance  <rqual  to  !  1/2  t  irrto-i  the 
diaoeter  t>f  the  smallest  bar 

8-2,      When  a  column  assembly  of  reinforcing 

bars  Is  raised  Into  place,  the  reinforc- 
ing steel  Is  Lied  to  the  column  form  at 
intervals  of 
1*  5  ft 

2.  2  ft 

3,  3  ft 

4,  k  ft 

8-'3.      Cnder  what  condition  is  the  use  of  vood 
blocks  prescribed  for  holding  beam 
ftttnforcJttg  steel  In  place? 
1,  When  wire  stirrups  are  unavailable 
2*  When  precast  concrete  blocks  are 
unavailable 

3,  When  the  construction  is  considered 
permanent 

4.  When  the  consturctlon  is  temporary 
or  the  concrete  it  protected  from 
moisture 

8-4.      In  footing  construction,  stonee  maV  be 
used  instead  of  steel  supports  under 
reinforcing  bars  that  nre  the  proper 
distance  above  subgrade* 


learning  Objective;  Identify 
fundamentals  of  concrete  joint 
um3t  ruct  ion.    Textbook  l>.*ge5 
7-31  through  7-3b, 


When  reinforcing  bars  or  doweH  nave 
tt)T  been  Installed^  what  must  be  used 
to  transfer  shear  streets  Uttween  the 
walls  and  footing*? 
1*  Bolster 
2  *  Ke  vway 
3,  High  chair 
Stirrup 

In  verticil  i^ints*  tlie  V-Joint  is  LESS 
likt'K'  to  bteak  than  the  keywav* 

£-7,      At  whkh  of  the  following  points  are 

expansion  and  contraction  Joints  likely 
to  he  placed? 

K  Where  changers  in  thicVness  exUt 

2,  Offsets 

3,  Where  cracks  due  to  shrinkage  taay 
occur 

4*  All  of  the  above 

8-8,      Dummy  contraction  joints  are  cut  to 
what  depth? 

K  1  in,  — 
2-  2  in* 

3.  1/4  ro  J/3  the^thickness  of  the  sec- 
tion 

■i,  2/3  to  7/8  the  thickness  of  the  sec- 
tion 


Learning  Objective:    Desci ibe  the 
procedures  for  placing  concrete* 
Textbook  page*  ^36  and  7-37. 


When  concrete  is  being  placed  in  lavers> 
the  initial  set  should  takt-  pLic<*  before 
the  nt-xt  lavor  is  added* 


7.'"j 


$-10,    When  c0mri*<i*  Is  hi-hi*  plaftfd  in  forms, 
n<'rmallv  the  1  ret'  f-*il  ^f  th#?  ^on^r^t^ 
should  MOT  b+  nK>r»K  than 
1.     5  ft 
6  ft 
3.    8  ft 
10 

8-11.    ^hen  concrete  U  bt-itig  pi-*««"J.  the 
v,iv  to  minimize  segregation  tit 

1.  distribute  ea<"h  batch  with  ,i  an^Yl 
af  ter  Jumping  it 

2.  dump  each  batch  as  chnse  -*s  possible 
in  its  final  position 

3.  ^e.itter  consecutive  b-itchr* 

4.  pile  cansei'ntivv  batches 


ft-l^-  Bv  vhirh  "f 
o.^n*  ret  tn 
1  .  Ir.'nu 


8-  1  ,\     *.*h*      i        1 1 1 1 1  , 
t^inpi  rit  tii1  »! 
of  *  t,i-  i  i'tu  ri*:  o 

^.  Si-1  ,jml  ;m9j 


.hi 


r  ,i  v.it  i-r 


3*12.    When  placing  concrete  m  Ion*  wall  *orms. 
vou  should  begin  at 

1*  the  center  and  work  toward  thv  end> 
2-  (V  end1-  anO  Wftrk  toward  the  cenOr 
J.  ^n*-  i«mt  .  nJ  w^rk  toward  the  other 


bMrrti  up  <H»4'n  t  i  vi  :     "i  <fte  I  he 
i.iri'Mit  ivpi'**  of  i  -nu  rrtr  f  ini*hi  s t 
md  ■■xpl.mi  thi'  proo  dures  u^t-d 
in  f  iiu^h  T*'v t  hi*,*k  |t  ij-r** 

"-il   thr.HU-1.  7-\h. 


1."*  irv  i'ip  i*b  jo<  t  Ive ;     I  'ut  t  hi 

injt  h         ri  ti  .      r      t 1  '  tt    i  j^, 
*  hr  ^i/ h,   "  -  m 


S-H.     \!"t  -T    t  -  *  ■  r        oo.i.  fie  :  -  pT  i  .  -l  in  v 
f or**,  -t  -      »it f u  1  i %.   ■.■  it  »t  i  '  ^      1  ]<  T 
to 

-  I.  eliminate  rot  k  pockets  and  air  spaces 

2.  prevent  a  mortar  **irf«ioe  front  fo.'minfi 
along  the  sidi-s 

3,  segregate  the  abrogate 
determine  vhotht-r  the  form  is  final* 
In  place 

Thtf  intt*t*lKi>  vfbrvilor  should  be  lns<4rUd 
in  the  concrete  at  (a)  wh-it  intervals 
nd  (b)  for  hoy  lon^ 

1.  (a)  6  in.     <h)  ^0  to  *>0  ^ec 

2.  (.i)  10  in.     (b)  25  to  3'i 

3.  <n\  15  in.     fb)  20  to  30  sec 
<aj  18  hi.     <b)  5  to  13 


8-15.    Hand  spading  or  puddlfnfc  should  continue 
untti  the  coarse  ^giegate  disappears 
Into  th<?  mortar  . 


1'  Vfh-d  ,  t  h«-  ifv.         Clin,  r * ■  ( i 

t  ■  mi^eii  bv 

!  .  ci'iw  1  n!  it  i  in- 

/ ,  ^  i 

l.  ?  !  je[.' 

..   It  hi/ 

-   '   .  (».ui   tt  w!.ii^   4  \  s  t  e  .it  1'ia',  -itM." 

k  polled  depends  directlv  on  tin- 

!.  jcioutU  of  concrete  poured 

i .  density  of  the  concrete 

3.  rilunp  of  the  concrere 

*.  K-ngth  of  the  beam 

8-20.    The  finish  of  a  concrete  slab  laved  out 
for  use  of  :t  vibrating  screed  depends 
on  which  of  the  following  factors? 

1.  The  stiffness  of  the  mix 

2.  The  vibration  speed 

J.  The  speed  at  which  the  screed  is 

pulled  atross  the  concrete 
A.  All  of  the  above  ^, 

8-21.  Trowel  a  vibratorv  screen-finished 
floor  slab  Is  uru^Uv  delayed  because 
of  the  slow  setup  time  needed  for  the 
rone  re te  mix. 


learning  Objective:  Recognize 
methods    of  pincin^  concrete 
uodervater*    Textb  iok  page*' 
7-39  through  . 


8-22,    Mow  is  a  smoother  concrete  surface 
obtained  after  the  s«  racing  proces. 
has  been  completed0 

1 .  Bv  floating 

2.  By  troweling 

3.  Bv  jointing 
a.  By  edging 


7lu 


8-23*     Whicb  of  t be  following        Lm  i^vtnt-ir^ 
of  t*<lK  I cvnt  Yvtv  slab^ 
1*  It  drt'sst's  tln>  i^rnet^ 

2,  It  help*  provtirt  cbipfiM'  .*f  t»i»* 
corners 

3.  It  presents  a  fini-s-d  .irp^irmu' 
Each  of  the  aIh'V** 


U.     \  < ***tu  rote  surf^oo       Wot  moist  whilt* 
it   is  <s**t  1 1  ns  be- ,iu*>t   ripid  drying  tends 
to  rrMzlt  in 

.\  evci'^ivi   bxdrat  ti'"i 

* ,  '"Nfcs**  i  v<*  our  in** 


To  ftive  a  lomtrt**        k  .1  snto  *th  finish, 

you  should  strofc*-  fh*1  1   **<  irtt  witli  * 

!  .  canvas  bf  It 

2*  wooden  Hut 

i.  broom 

^4  steol  rroui'l 


8  i*.     UIicti  polvethvlone  *;h**i*is  or*'  )>l.U'(-<]  in 
t  hi  <  mi**rt*te  iui  iih1  it  t  t'v»,  whd*  is 
t  ho  ret  nimu*!  ^vfi  1  ip  +  t  .id  T»H'?nt  sheets? 
1.   12  t. 
\     8  m. 
t,  in, 


8-25. 


Huirlnu*  1  r.it  k<i  in  1  lOiur^to  **[  th  u 1 
dur  1  Ttg  the  f  in  )  sh  1  nr    v<  r  it  j*"?* 


vti.it   pros  y<*. 
*  om  rote  Mirl  tn 
1  .  Hkiddin* 
2 ,     t  rejknu* 
* ,  Hr  i>mi  nf 
* .  i  r  i  ml  tin* 


,1        ■  1-  i>i    ■  t   t  = 


^  H,     uit  rri  h.nii  ^1  application  of  w*ix  or 

r  o%*  J  n-b  i"s**  numb  r  1110  s  t<>  t  ht-  surface  of 
Mi*.blv  pLii  t*d  *  oin  roto  is  tho  roetliod 
n^i  .1  f^i  nm*  b  of  t  ho  pavement  curing 
r  <  t  . 

lb  iy\    1  ij'iH  1  ■  j  vt    vii>     l^n  »  f &iant  effect 
"  1  +•«  limit  *pj  1  iml  "tiriufi  lompounds. 


8-27.   ;:h  it  r roc       ^  1^ 

p»>l  i  sb*  A     >j r  +"  i 

I ,  S.xi  k  mbb  1  '"ji 
J ,  Powi  r  t  r<  v.-  1  1 


■»  T 


lm  huifjn"'  if  r^'TiioviTijj  t.s>rii  r> 
ilt*f<*t  t  **  ■      iv-ft  bi-ok   p  (k>o^        *  • 

rbn-rrlj  7  -SI . 


tj-^H.  *iori  u   j  -  b**i;fc   tJM*d  i'1   H«l   )  1 

rabhinp  1  u'lutftt*  Miihiw,  lii't*  '  >)«> 


should  th^  ^irfu"  T<   ^"o»  ^ 
o>jr<^  * 

1,  I  t  -  2 

7  d.^  V 

\ 

pn>oedtir^s  'if  t  urine  *  oi^r^t  <'  * 
Tt*xtbr>oK  p.iges  7-«h  t  hr*Miftb  ■ 


;  -n]n  *      *  i«ir  *  1  1  r -  tn  ^ t  iiio's,  t  b<*  f  orm*> 
f  t  M  iiot  ^  1  *b  -  in  1  v  h»  t  t^i-Vt'il    if  t  i-r 
]  .      I   d  *s 
J  .      ft  ijivs 

1  *  4biv- 

1  li  pni  t  <  h  inn  i  o*u  ri1 1       nift  t  jr  ^h*>uld  br 

tbit  t  iu  ' 
I.    I    I  / ?  in. 


1  u 

1  IT  , 


8^29.    During  tbo-  nirin^  p*ri<»d,  com  rviv  Mir- 
fatefe  rire  ktH  poi-r  bv  wh^b   <f  tb< 
fol lowing  means  * 

1.  Cover  Inn  with  *  '^I'tm.ilh 
earch  ->r  burlap 

2.  Spraying 
y>  PondJnp 

1 .  All  of  t  be  ibovt* 

ft-V).     Com  t('tt>  TTVidt*  with  i>rdiu*ir\  ftmmt  K 

jf«»i)t»r»il  1  v  r«rt*d  for  j  nutiintin  period  of 
L  11  n\iv<> 

2.  7  d.r/s 

1*  div^ 


\ft*r   f'^rn**.   lt»^  ri*mo;t'd,      pri^s^uro  fii»n 
*i i L 1 , 1  r  I"        ,mfomat  t,    )>rr>i^f  KHri  mnv 
ho  u^ofl  to  top.m   tbo  roin  roti   bv  fc>ro- 

roor  t  ar  3  nt  n  t  ho 
I     boiiovc  .jnib 

joints 
I.  t  lv-rod  holc^ 
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*ht*n  srroedinfc  a  p*it*  h    *i  <  oi><  vt^t  e ,  wu 
should  screed  -is  t,*ll^; 
1-  ^lifchttv  boi^w  the*  syrf.hv  of  Ch< 
exist  i  r>£  eon*,  ce 

Itrvel  With  Chr  N«rf  r<  e  if  Chi-  esi^tir< 
1,   sllsiMU    ^,*v*-  th*>  -ii  r  5  i "  *     ■  t** 


For  which  of  tin.   ..'llovjng  hmn.'as  i 
prt^a^t  concrete  panel*  prefrr-iMe  t 
^ a^C-in-place  uncrete  panels 
1.  ^orTninjt  itut*/rial  is  re^unv.: 

J.  PlAi  infc  the  rrKir  J-  taa-ie  fM--ivr 
*     Thorough  filling   jnj  vihr.ifinr  ir 

madi  r-isjei" 

-  ,  ,tll  h-i"  { he   th<  vc 


leiriuc-r  fib  *v  t  l  v*j  *  tVs  Innate  the 
pr  lnc  iph  ^  <*f  ^ ptT r  K  lrifcT  eon,  r*  t  e 


b*  a  method  liae  t  ho  tie  f  ^  pi  <<  itu 
v< "*d  Mibf  io  r  tn^  ' 

1  .  iWble-T 
-1  T  T^n^ut>  nil 

K  l-beam 


8- H.     When  bn^iktnv*  in  ,i  nfw  runon-Ce  sauT  the 
■  'Per  »t*jr  mn^t  MnT  Mibjrct  the  >.aw  en^jrn 
t  -  a  load.     It  the  >au  is  t-quip?od  with  .■ 
w,ifer  pump  f<-r  r  o<>]  in£  the  ^aw  bladv\  it 
is  t  hi*  re*,  uroraeiided  pr  ii  t  ice  that,  during 
i  hr  !iiv,ir"iH  period,  the  t*n^iut"  b*  iter- 
ated in  uhMi  .*f  the  fi'lliwing  u(i\s^ 
lT  tfitti         Water  pun»p  d  is,  omit**  ted 
J ,   At   -peeds  between  K<"H*   md  !f^tM) 
fcr  tht>  tir**t  hi'ur  witn.m!  an*  LmJ 
At   -peeds  between  I¥iMin   m<l  1  T  JOi*  r;  r 
did  griduall*  in.  rt-hiv  it  *)p  t  il.' 

iMVl-rm  -1    SJj.-vd    *     I     *  ht     MM  i^lJ     IE-  ! 

third  h  >nr^ 


*  *  ^  irhifit 


Whiit  jKjui'ls  h.r  *  *  •  -'r*  nh 
i  r^-       t  nr  Ml  ' 

I  *,  rut  i       *  t  in  t  i  -n .  *  I    ^  ' 

1      ti  i  ^ 


-t  .*  r  <  *  ;r*i  ■  ,  .  r*  -  is*  ,  ^<  r  <  f  t  i 
i*        r     irj    t  ■    f  -      ii  * 


1<     i  A 

J    F  *      I  "Ul 


f  *)*t>  t  *  t **  s  jv-  t-Tii  ip}^  J  wi  j jhr-i^  *  v*  *■ 
;  »pf  !>]nidt*s  i  nin        ^si-ni   t1  *  ui  Tit  d  in^ 
>i  trd  ,i^«rej.Y  it  bv 
I .  Jficrf  fis  frig  t^ii>;  i  [Hi  sp*"t  dv  .ih^^i.- 

J-  <j--iri£     1 1 icht  1  v  n<irr«>wt*r  bl.id**H  thn 
J>  TiH^rm-i  1 1  v  r**qu  i  rt*d 
u^-iOR  a  itjltinfi  ^impnjTHi  n^^fl  wit1 
the  f  "<.»!  (nf?  Vniter 

*.   u^Jmk   tV1*  nr  trtL^re  s^vs  With  *  iii.li  rL^ 
n  i\t  i  (Tjf  p  *r  t   ■  ■""  t  hf  i  ut 


A,'  Hv, 


r  i  j  ■  j  n  l  ■ 

s  i  i'Mh  t 


I  *  -M  l^b1  1  **i  j  e  t  J  \  t  is*  s4  |  1 1 1 
/iv  urh*{  ii  ill,,      I  !•  ■  ?  b  '  ^  p 


K*  ir^tii^  ''hi*'!  tuv"     Pol  tit  'tit 
fandawfit  ils  -*f  kisiii^  prct-flst 
<fci'iirri*t**  utiUv   in  i  mst  ri^  r  t^*' 
{►r,Af  ,SrJr  at  ii'U-     lex i       V  ^ 


EHtrir^  thi-  ^uiiitin,,-  *r     t  >■  -  r  tt 
ire  mixed  in  th*-  ,jd//]j'    *i  1  t  ti* 
anount  of  .1  ,fj*  1  w  is '  r   ;  *  -  Mr 

it1**  d  di>r  *Tik-  *  ij-i  1 1  i'  *■     pi  *MM    * i 


Learning  Objective:    Identify  the 
op€ratioa»  maintenance,  and  service 
procedures  of  concrete  pumping 
machines.    Textbook  pages  7-57 
through  7-69. 


8-51.    The  Squeeze -Crete  trailer  ha;>  three- 
pedestal  supports  for  leveling  and 
maintaining  the  trailer  during  pumping 
operations. 

8-52.    When  the  pumping  trailer  is  being  posi- 
tionedi  which  of  the  following  factors 
should  be  considered? 

1.  The  method  of  concrete  supply 

2.  Whether  or  not  rigging  will  be  re- 
quired for  pipe  sections 

3-  Whether  or  not  the  pumping  machine 

has  plenty  of  ventilation 
A.  Each  of  the  above 

8-53.    To  reduce  friction  of  concrete  during 
pumping  operationst  rigid  pipeline 
should  be  used  where  possible. 

8->4.    To  insure  a  smooth  flow  of  concrete 
through  the  pipelinei  what  minimum 
radius  bend  should  be  maintained  if*  the 
line? 

1.  8  ft 

2.  6  ft 
s .  5  ft 
A.  4  ft 

6-55*  A  flexible  transfer  hose  MUST  be  ^ed  t^ 
connect  the  slickllne  to  the  pump  outlet 
assembly. 

8-56*    An  uncontrolled  whipping  of  the  line  or 
deluge  of  Concrete  may  be  caused  by  a 
loose  or  improperly  mated  slickllne 
coupling. 

8^57.    How  much  time  is  normally  required  for 

the  charge  pump  to  develop  pressure  after 
the  engine  has  been  started1 

1.  1  min 

2.  1  1/2  min 
3*  30  sec 

4 .  *5  sec 

$-58^    The  pumping  tube  Is  reloaded  by  the 

atmosphere  pressure  on  the  concrete  in 
the  hopper  and  the  action  of  the  moving 
agitator  blades. 


8-59.    Prior  to  operation  what  minimum  pressure 
reading  should  be  observed  on  the  hydrau- 
lic pump  pressure  gage  of  the  Challenge 
Squeeze-Crete  250  series  pump? 

1.  60  psi 

2.  90  psi 

3.  190  psi 

4.  220  psi 

8-60.    Under  normal  operating  u^dnion^i  what 
pressure  should  be  on  tht*  suction  line 
to  the  double  pump'* 

1.  10  to  U  in. 

2.  25  to  27  to. 

3.  38  to  45  ir 
A.  60  to  64  in. 

8-61.    What  component  is  used  to  control  the 
movement  of  the  rotating  rollers* 
1-  Collector  hopper  ;>ltde  cylinder 
valve  cont  rol 

2.  Vacuum  valve  control 

3.  Hydro-stat  system  control 

4.  Collector  hopper  agitator  motor 
valve  cont  rol 

8-62.    As  a  general  rule,  how  maTW  bags  of 

cement  are  ui>ed  for  the  ^lurrv  mix  to 
lubricate  the  first  100  to  150  feet  of 
line^ 

1.  ro  2 

2.  2  to  3 

3.  3  to  6 
* .  4  t  u  6 

8-63.    What  should  be  placed  in  the  suction  cone 
to  Prevent  unmlaed  cement  from  enrering 
the  pumping  rub** 

1.  Wooden  plug 

2.  Kubber  pluf? 

3.  Burlip  sack 

u  ,  Creased  sponge 

a-64,    Hht/n  the  transi'ion  is  being  made  from 
the  slurry  mix    o  concrete,  how  full 
should  the  hopper  be  maintained  with 
concrete* 
I  *  J/3 

2.  u: 

3.  2/3 

4.  Full 

$~bb,    Vh.it  engine  speed  should  be  maintjined 
for  safe  pumping  ^tions0 

1.  800  rpm 

2.  2400  rpm 

3.  3200  rpm 
AiOO  rpm 


8-66-    What  will  happen  If  the  concrete  is  not 

pumped  through  the  system  on  a  continuous 
basis? 

1.  The  pump  will  lose  suction  and  have 
to  bfc  repriced  with  slurry 

2,  The  compressed  air  being  pumped  will 
cause  concrete  to  segregate 

3,  The  compressed  air  will  cause  splat- 
tering and  possible  injury  to  workers 

4.  Both  2  and  3  above 

8-67.    If  the  pump  is  plugged  on  the  hopper 

side,  what  should  be  done  to  unplug  it? 
1*  Reverse  the  pump  3-  to  4-pump  rotor 
cycles  then  go  back  to  forward 

2,  Reverse  the  pump  1-rotor  cycle,  then 
immediately  go  bac*  to  forward,  repeat 
if  necessary 

3,  Flood  the  hopper  with  water  and 
agitate 

4,  Disconnect  the  line  at  t\e  outlet,  then 
force  water  back  througt  the  system 

8-68*    The  concrete  pump  operator  and  the  place- 
ment operations  crew  leader  should  estab- 
lish a  set  of  standard  signals  before 
the  pump  is  started* 


0-74,    The  suction  cone  must  always  be  covered 
with  water. 

*-75,    To  enable  the  pump  engine  to  cool 

uniformly  before  it  is  shut  down,  its 
speed  should  be  reduced  to 
1-  1500  rpm 

2.  1000  rpm 

3.  800  rpm 

4.  500  rpm 


8-69.    Locating  and  eliminating  a  blockage  in 
the  sllckline  while  the  pump  is  being 
used,  can  often  he  accomplished  by  tapping 
with  a  haimer* 

8-70-    To  prolong  the  life  of  the  tube,  when 

should  the  position  of  the  pump  tube  be 
chanfted* 

1.  After  eveiv  30  hr  of  operation 

2*  After  everV  60  to  80  cu  vd  of  concrete 
Pumped 

3,  After  everv  day's  use 
A.  After  the  machine  is  cleaned  f^r 
temporary  shjt  down 

8-71.    '"fhere  Should  tht  hgpper  be  positioned 

when  a  new  pump  tube  Is  being  installed'' 
3.  Forward  &n  the  slide 

2.  ^Idwav       the  Slide 

J.  To  tht*  rear  on  the  slide 

S-72,    What  damage  could  develop  during  lengthv 
storage  f>f  th**  pumping  machine  if  it  is 
SOT  started  often0 

1 .  Permanent  bends  Sn  the  tube 

2,  Permanent  ^et  Ii>  the  rubber  of  the 
rol Itrs 

J.  Permanent  net  fn  tht   rubber  of  tht 

compression  pads 
i.  Ail  of  the  -ihi>ve 

H-7i.    Whijn  th#»  pumping  machine  is  b*i;ig  cleaned, 
it   is  S<>T  .j^vKable  to  use  more  tttan  one 
<  l*,minft  sponge  At  i  tint  as  It  tends  to 

It  lurt   t        pump   hiV  t 
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Assignment  9 


MASOKflY 

Textbook  Assignment:    Pages  8-1  through  8-28. 


Learning  elective;    state  the  purpose 
of  the  tools  and  equipment  used  by  the 
Builder  in  working  with  mortar  and 
masonry  units.    Textbook  pages  Q-l 
and  S~2. 


7-1.    When  required  to  Smooth  cut  a  concrete 
masonry  unit,  you  should  use  the 
1.  taason' s  hammer 
2*  brick  chisel 
3*  brick  trowel 
4,  pointing  trowel 

9-2,    The  Suilder  uses  the  mason's  hammer  for 
1*  smooth  cutting  concrete  masonry 
units 

2*  chipping  and  vough-cutting  concrete 

masonry  units 
3.  checking  level  courses 
4*  laying  out  comers 

9-3.    Of  the  following  mason's  tools,  which 

tfould  be  required  to  make  various  joint 
finishes? 

1.  Trowel 

2.  Bolster 

3.  Mortar  board 

4.  Jointer 


9-4.    when  placing  masonry  units,  the  Builder 
uses  a  steel  square  for 

1.  leveling  short  columns 

2.  laying  out  cocners 

3.  plumbing  long  stretches 

4.  finishing  joints 

9-5 .    The  function  of  a  Ifeortar  board  is  to 

1.  hold  ingredients  that  are  to  be  mixed 
by  hand 

2.  serve  as  a  holding  table  for  the 
Builder' s  tools 

3.  hold  a  supplyof  ready-to-use  mortar 

4.  serve  as  a  straightedge  for  Jointing 


learning  Objective;    Determine  the 
amounts  of  material  for  a  mortar 
mixture,  number  of  blocks  for  a 
block  wall,  and  the  use  of  concrete 
masonry  units  and  their  pacts* 
Textbook  pages  8-3  through 

Lightweight  concrete  masonry  units  are 
normally  what  percentage  lighter  than 
heavyweight  blocks? 

1.  15* 

2.  25% 
1,  30% 
4.  50% 


9-£, 


$-7*    What  is  the  actual  size  of  a  4  x  8  x  16 
in-  partition  block? 

1.  3  Vb  x  7  5/8  x  IS  5/8  in, 

2.  4  x  0  x  15  5/0  in, 

3.  4  x  7  5/8  x  15  5/8  jn. 

4.  J  3/4  X  7  3/4  X  15  3/4  in. 


S2 


7'*- 


Figure  \*A, -Concrete  masonry  units. 


^     In  answering  items  9*8  and  9*9 
refer  to  figure  9A, 

9*  8,    A  corner  unit  is  indicate!  by  the  letter 

1,  a 

2,  B 

3,  C 

4,  0 

9*  9,  When  a  backing  course  is  placed  behind 
a  brisk  face  tier  header  course,  which 
of  the  concrete  masonry  units  is  used? 

1.  A 

2,  s 

3.  C 

4,  D 


9*11, 


9-12, 


■14. 


Tho  end  btoell  is  indicated  by  the  letter 

1,  A 

2,  P 

3,  C 

4,  0 

In  the  construction  of  a  column/  which 
part  (5)  of  the  concrete  block  would  be 
but  to  red  for  a  bed  ^oTnt? 

1,  C 

2,  F 

3,  i:  and  l 

4,  A,  *\  and  f 

To  make  a  head  joint  Tor  the  first  course 
of  a  concrete  block  wall  conern  lead, 
which  partes)  of  the  concrete  block 
would  be  buttered? 
I.  C 


a,  r, 


>r  Y 


.fiu^n  liinv  mortar  tends  to  adhere 
to  the  trowel  during  spreading*  thr 
mix  should  be  changed  by  the  addition 
of 

1 ,  1 ime 

2.  water 
3-  cement 
4,  sand 


Figure  9B.-8  x  &  x  16-mch  ^jjicr-te 
masonry  *injt, 

^     In  answering  items?  ^-1 KJ  through 
refer  to  figure  9B, 

9*10,     A  web  is  indxcatei  !■/  t\«i  tottei 

1,  A 

2,  E 

3,  C 

4,  D 


>-lr'.     When  masonry  units  are  to  be  salvaged 
for  reuse,  which  of  the  following 
types  of  mortar  should  be  used? 

1 .  Portland  cement-litne 

2,  Tame 

1,  Portland  ccment*lime*sand 
4,  Portland  cement~sand 


ERIC 


71 


9-16.    jjhat  typ*=  of  mortar  is  intended  for 
use  in  permanent  *  reinforced  masonry 
structures? 

1.  Type  A  Portland  cement-lime 

2,  Type  B  portland  cement - liros 

3.  Typo  A  portland  cement -sand 

4,  Type  B  portland  cement-sand 

9-17.     1st  preparing  the  most  common  type  of 
mix  for  a  general  purpose  job,  wbioh 
of  the  following  ratios  would  t<?  proper? 
lr  1/2  sack  cement,  1  1/2  cu  ft  damp 

sand,  6  1/2  lb  bydrated  lime 
2.  2  sacks  cement,  3  cu  ft  damp  sand, 

7  lb  hydrated  lime 
K  1/2  sack  cement,  3  cu  ft  damp  sand, 

25  lb  hydrated  Uroc 
4.  4  sacks  cement,  12  cu  ft  damp  sand. 

30  lb  hVdxated  lime 

9-lft.    How  many  8  x  t  x  16  *n.  basic  units 
vill  bo  required  fcr  a  concrete  wa31 
10  feet  long? 

1.  6  1/2 

2.  7J/2 

3.  $  1/2 

4.  ^1/2 

?-19.     Row  many  courses  °f  basic  units  will  t*? 
required  in  a  concrete  block  wall  lr 
feet  high? 

1.  14 
IS 

3.  16 
A-  1? 

9-2T1.     in  laying  600  square  fc-et  of  vail,  you 
would  need  ap;  roximately  (a)  how  many 
8  x  4  x  12  in.  concrete  blocks  and  tb) 
how  many  cubic  feet  of  mortar? 
K    (a)  520  blocks     th)   15  cu  ft  mortar 

2.  (a)  680  block**     (b)   16  cu  ft  mortar 

3.  (a)  770  blocks     (h)  19  cu  ft  mortar 

4.  (a)  &76  blocks     (b)  24  cu  ft  mortar 


~      Information  for  items  9-21  an<i 

9-22.    tU>e  rule  38  for  calculating 
the  amount  of  raw  material  needed  to  mix  mortar. 

9-21.     Building  st^ocxfications  call  for  a  1:2 

mix  for  mortar.     How  many  sack*  of  cement 
will  bo  required  to  make  up  a  2-cubic 
yard  mix? 

1.  7 

2.  13 

3.  20 

4.  26 

9-22.     How  many  cubic  feet  of  will  Lx»  re- 

quired to  complete  the  1:2  mix  for  2 
cubic  yards  of  mortar? 

1.  7 

2,  13 

3,  2(> 

4.  52 

9-2 1.     When  bags  of  cement  or  Iim**  ar<*  stacked 
on  pallets,  a  setback  must  commence 
"  at  what  tier? 

1.  Eighth 

2.  Sixtb 

3.  Fifth 
A.  Fourth 


Learning  Objective:    Rxplain  the 
procedures  for  construct ing  a 
concrr-te  block  wall.  Textbook 
j.ages  8-0  through  8-1^. 
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9-24,    After  the  comers  are  locate,  the  next 
step  In  the  construction  of  a  concrete 
block  wall  is  to 

1.  spread  and  furrow  the  nortar  bed  for 
the  first  course 

2.  string  out  the  block  for  the  first 
course  with  mortar 

3.  string  out  the  blocks  for  the  first 
course  without  mortar 

4.  position  the  corner  block 

9-2S.    in  applying  mortar  to  the  concrete  block 
for  horizontal  Joints*  you  should  lay 
the  block  with  the 

1.  narrow  end  of  face  stall  up 

2 .  web  facing  up 

3.  end  shell  up 

4.  thicker  end  of  the  face  shell  ut* 

9-2(S.    what  part  of  a  block  wall  is  laid 

immediately  after  the  first  course? 

1.  Corners 

2.  Second  course 
1.  Juintels 

4 .  lateral  supports 

9-2  7.    When  building  the  corner**  of  a  concrete 
block  wall,  how  will  you  insure  that 
each  course  is  being  stepped  back  a 
half  block? 

1.  By  placing  a  level  horizontally 
across  the  corner  of  the  block 

2,  By  placing  a  level  vertically 
across  tht  corner  of  the  block 

U  By  racing  a  level  diagonally 
across  the  corners  <rf  the  block 

4.  py  placing  a  ma;on"^  line  between 
tht*  corners  of  the  wall 


9-28,    During  the  construction  of  a  concrete 
block  wall*  when  will  you  be  required 
to  butter  all  vertical  edges  of  the 
block? 

1.  when  the  corner  blocks  are  beinq 
placed 

2.  when  the  closure  block  is  bcinq 
installed 

1.  when  all  stretchers  are  placed 

9-29.    To  insure  veathcrtight  joints,  when 

should  yo«  start  tooling  of  the  mortar 
joints? 

1.  Immediately  after  laying  each  course 

2.  As  soon  as  the  mortar  becomes  thumb- 
print hard 

3.  After  the  excess  mortar  falls  off  the 

block 

9-30.     Any  excess  mortar  remaining  on  the 
concrete  block  after  the  joints  are 
tooled  should  be  removed  by 
1.  rubbing  with  a  burlap  bag 
?.  flushing  with  water 
*}.  striking  the  mortar  with  tW  small 
jointer 

9-U.    To  help  limit  tho  cracking  of  a  block 

wall,  what  type  of  control  }Oint  should 

you  use? 

1,  Metal  tit- s  laid  across  each  hori- 
zontal point 
*  2.  Metal  straps  laid  m  th0  Joints 
between  the  horiiontal  cours*  ^ 

TT  Continuous  vertical  joints  filled 
with  caulking  compound 

■1.  Fteinfoicing  bars  placed  in  tho 
1 >ntel  blocks 
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9-32.    By  inserting  roofing  felt  in  the  end  core 
of  the  concrete  block  when  constructing 
the  control  joint,  you 

1.  permit  the  wall  to  move  without 
cracking 

2.  eliminate  bonding  of  the  mortar  on 
both  sides  of  the  joint 

3.  prevent  raking  of  the  outside  block 

4.  eliminate  bonding  of  the  mortar  on 
one  side  of  the  joint 

9-33.    By  what  means  are  intersecting  bearing 
walls  tied  together? 
1*  Masonry  bonds  in  alternate  courses 
2*  Hardware  cloths  placed  across  the 
courses 

3*  Metal  tie  bars  bent  at  right  angles 
4.  Anchor  bolts  located  in  alternate 
courses 

9-34.    At  what  minimum  length  should  the  lintel 
blocks  extend  pfcct  the  edge  of  the 
opening? 

1.  8  in. 

2.  12  in. 

3.  16  in. 

4.  20  in. 

9-35.    When  reinforcing  a  block  wall ,  where 
should  you  place  the  rebars? 

1.  At  each  comer 

2.  At  each  side  of  a  wall  opening 

3.  At  points  spaced  no  more  than  32  in. 
0-  C.  in  the  wall 

4.  All  of  the  above 

9-36.    When  reinforcing  a  block  wall  you  can 

insure  proper  alineaent  of  the  rebar  by 

1.  --lacing  a  cleanout  block  at  every 

ad  in  all  courses 

2.  pouring  concrete  as  each  course  is 
laid 

3*  placing  «  cleanout  block  at  every 

stud  in  the  first  course 
4 .  poring  concrete  around  the  rebar  as 

it  is  placed. 

9-37.    Kortar  smears  on  concrete  block  walls 

should  NOT  be  cleaned  with  an  acid  wash. 

9-38.  When  waterproofing  a  block  wall  which 
extends  below  grade,  you  should  apply 
1*  one  1/4-inch  coat  of  plaster 

starting  6  inches  above  grade  and 

extending  6  inches  below  grade 
2.  one  1/4-inch  coat  of  plaster 

starting  at  the  grade  and  extending 

to  the  footing 
3*  two  1/4-inch  coats  of  plaster 

starting  6  inches  above  grade  and 

extending  to  the  footing 
4,  two  1/4-inch  coats  of  plaster 

starting  6  inches  above  grade  anrd 

extending  6  inches  below  grade 


9-39. 


Learning  Objective;    Identify  the 
parts,  physical  characteristics 
and  uses  of  structural  clay  tile 
masonry.    Textbook  pages  8-19 
through  8-24* 


a— QBE 


Figure  9C.-Building  tile. 

In  answering  items  9-39  and  9-40 
refer  to  figure  9c* 

A  cell  is  indicated  by  the  letter 

1.  a 

2.  B 

3.  C 

4.  D 


9-40.    A  web  is  indicated  by  the  letter 
1*  A 

2.  B 

3.  C 

4.  D 

9-41.    A  wall  constructed  of  building  tile 
has  a  better  heat-insulating  quality, 
than  one  constructed  of  solid  units, 
due  to  the 

1.  dead  air  space  that  exists  in 
tile  walls 

2.  thickness  of  the  shell  of  the  tile 

3.  ah:^sion  resistance  of  clay  tile 

4.  tile  having  excellent  resistance 
to  weathering 

9-42.     In  building  construction,  structural 

clay  tile  may  be  used  for  which  of  the 
following  purposes? 

1.  Won load  bearing  partition  walls 

2.  Load  bearing  exterior  walls 

3.  Backing  units 'for  brick  walls 

4.  All  of  the  above 
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9-4^    whi'ri  pl^cijjij  t  j  W  for  end-construction, 
how  should  y<m  place  the  tile  after  the 
bed  joint  mortar  has  been  spread? 
1*  So  that  the  web  of  the  tile  contacts 

the  same  vreb  of  the  tile  below 
2,  So  the  positioning  of  the  tile  and 

the  one  below  it  do  not  coincide 
\.  fu^L  into  the  mortar  until  all  wet^ 

are  covered  vith  mortar 
4    l-iv  it  1  inch  off  center  ot  the  tile 

1  'fW 

fi-44,     ml  J  *ws*Ar  bedding  is  HOT  use^i  m  end" 

construction  with  building  tile  because 

\  .  the  wi*l>&  do  not  touch 

J,  t.*o  corrugated  ^helL  takes  the  place 
of  a  furrow  in  brick  mortaring 
H/otj  butter  one  edge  of  the  tile  to  be 
placed  and  the  opposite  edge  of  the 
tilt-  already  in  place 

4.  tU?  mortar  would  fall  down  nto  the 
cell 

— 

--.il  joint  for  end-construct  ion 
nctM  no*  1x3-  a  ;>ol  i  i  joint  unless  the 
]om*   i  *s  to  l*  tjqo^ed  t  >  thf  weatner,  + 

0-4^.     Vft't  i*  4^in^::i  '*hi/  1 1 !»:?  for  backing 

on  ft+irK.r>  i^ntk  *rulF  yo*i  should  lay 
t  a'  tri    i  s<>  hM'  t  »j     of  the  tiles  irr- 
lt*iv  1  *  n  .  *?[  at  f  '*  .r^f  if  bri^k? 
K  fir  ■* 


ijcarning  Objective;    Explain  the 
types  and  classification  of  bricfc 
and  identify  a  bricfc  arrangement 
by  nomenclature      Textbook  pages 
8-24  thtouqh  8-26. 


Figure  >D. -Brick  arrangement 


3-47. 


J-4H% 


t.  4 


it  t  i ■     j  *  4  i  ■  i*"  f    ^at'-r^  i'j  it  r 

a  ;  j  *  t%ii  >    >f  mi,rf<ji   3'jint')  art 


1 


s  iiv  ,i  r  t  nut  t  *r 


a     *  1,   **t  \h<it 


The  rrick  arrangement  shown  in  picture 
r*n,  may  £>e  described  as 
1 t  bo'  on  split 
2*  qur****  closure  on  half 
qui^en  closure  on  splJ* 
4*  ha*  f  on  quarter,  closure 

1.     ^ommon  brtck  is  best  describe-!  ai 

1.  nnglazed,  uniform  in  color,  and 
tn.ide  from  select  clay 

2.  ujiglazod,  variable  in  color,  and 
made  from  inferior  c*ay 

^.  unglazcd,  variable  in  color,  'ind 

maifr  from  pit-run  clay 
♦1 .  glared,  uniform  in  color,  jr.d 

»adt   fu*m  select  clay 

*-fJ.    W*  let-  of  the  following  tyjos  of  In^k 
*i*:oL-Id  be  usfl  a%  the  backing  course 
for  a  ^avity  wall? 

Brick  n>adr  with  interior  j  l^y 
i+  r  lar^'I 
4  ♦  t \ re 


1      1  t  + 


0     In  answering  items  9-53  thrcugh  9-56, 
select  from  column  B  the  grade  ^f 
brick  to  be  used  in  regions  having  the  cli^jtic 
condition  in  column  A. 


A.  Climatic  Conditions 

9-53.    Normal,  no  frost  action 

9-54,    Hoist/  below-f reusing 
tempera  t  tires 


BA  Grades 

1.  MW 

2.  KW 


3-55.    Annual  rainfall  bolow  15  in.         3.  SW 
frost  action 

9-56 .    Dry,  oelow-f reezing 
temperatures 

9-57.    What  type  of  brack  should  be  used  where 
cleanliness  and  ease  of  cleaning  the 
brick  xs  necessary? 

1 .  Face 

2.  Cored 

3.  Glazed 

4.  Sand- lime 

9-58.    what  type  of  brick  is  used  to  withstand 
high  temperatures  without  cracking  or 
decomposing? 
1.  Cored 
2*  Press 

3.  Clinker 

4.  Fire 


Learning  Objective r  indicate  some 
properties  of  brick  masonry  walls, 
structural  bonding  procedures,  and 
the  type  of  bonds  used  in  masonry 
construction.  Textbook  pages  8-27 
and  8-28. 


9-64.    Which  of  the  following  is  a  cause  of 

rain  penetration  and  ieakaqe  in  masonry 
walls? 

1.  Weak  mortar  joints 
2*  Too  much  flashing 

3.  Undersized  ca\'i*y  *aHs 

4.  l*se  of  caulking  around  windows 

9-65.  Brick  masonry  walls  are  desirable  for 
the  construction  of  buildings  because 
of  which  characteristic? 

1.  Ability  to  insulate  against  heat 
and  cold 

2*  Good  sound  insulating  properties 
1*  Ability  to  absorb  sound  originating 

within  the  walls 
■i.  Fach  of  the  above 

How  many  expansion  joints  are  placed  in 

a  brick  masonry  wall? 

L.  One  for  every  20  fet-t  of  wall 

2.  One  for  every  100  feet  of  wall 

3.  One  for  every  200  feet  of  wall 

4.  one  for  every  corner 


Learning  Objective;     Indicate  the 
types  and  uses  of  mortar  used  by 
the  Builder  for  brick  masonry. 
Textbook  pages  8-26  and  8-27. 


^      in  answering  items  9-59  through  ^-63, 
select  from  column  B  the  type  of  mor- 
tar that  fulfills  the  requirement  in  column  ft. 

A.  Requirements  B.  Types  of  Mortar 

^-50.    Load-bearing  walls  where  1.  M 

the  masonry  will  not  be 
subjected  to  freezing  2.  N 

and  thawing 

3.  0 

9-60,    High  resistance  to 

lateral  forces  4.  S 

0-61.    Selow-grade  construc- 
tion and  in  contact  with 
earth 

?~62.    exterior  walls  subjected 
tp  severe  exposures 

General  use  in  exposed 
masonry  above  ground 


<>-€>7.    your  crew  has  been  assigned  the  task  of 
stockpiling  bricks  for  an  upcoming  pro- 
ject*   Vou  instruct  your  cre^  to  keep 
the  plies  of  brick  as  vertical  as 
possible  and  NOT  to  exceed  a  height  of 
7  feet  for  each  pile  as  the  ground  is 
uneven*    Have  you  proper^  instructed 
your  crew  to  meet  the  retired  safety 
precautions  for  piling  bricks?  Why? 
1.  Yes;  except  where  stacked  *n  sheds, 
brick  piles  should  never  be  over  7 
feet  in  height  and  may  be  placed  upon 
uneven  ground  as  long  as  the  sides 
are  vertical 
2*  Yes;  bricks  r*ay  be  stacked  higher  than 
7  feet  and  by  keeping  the  height  down 
to  7  feet  you  can  double  the  required 
safety  margin 

'ir  Wo;  bricks  should  be  stacked  on  planks 
when  the  ground  is  uneven  and  must  be 
tapered  back  1  inch  for  each  foot  over 
the  4-foot  level  to  a  miximum  height 
of  7  fet-t 

4.  tiO}  bricks  should,  normally,  never  be 
stacked  in  the  open  and,  if  allowed, 
must  never  be  stackea  higher  than 
4  feet 


5H 
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Assignment  10 


Masonry  (cont  inued)  :  and  Lifthr  Frame  Construction :  Floor  and  ^iM 
Textbook  Assignment :    Pajtes  8-28  through  8-58  and  9-1  through  9-U 


Learning  Objective  (continued): 
indicate  some  properties  of  brick 
masonry  walls,  structural  bonding 
procedures*  and  the  type  of  bonds 
us«d  In  masonry  construction. 
Textbook  pages  8-28  through  8-31 


B 


■BBS! 


Figure  10A. -Brick  B^nds 

0     In  answering  itjems  10-1  through  H>-3( 
refer  to  f  Uure  10A< 

10-1-    The  course  that  contain*  bull-headers  is 
labeled 
U  A 
2-  B 

3.  D 

4.  F 


10-2-     The  simrtest  batterr.  b**xu\  m  nu  u. 

eiitJr^Jv  *>f  -*trrtibtr^  i^  iiuli    Mr  f 
bv  the  letter 

1-  A 

2-  B 

3-  C 
A.  I> 

10-3-       Th*    OoJ&fllOft    b^Tul     I-*     ITU?1«    iUd    b\  T^ 

lettt-  r 
I-  A 

2  -  a 
r 

4,  F 

10-4-     stimturil  t  ^ldi'i^        t.n.k  u.ili- 

a  ^irift!**  unit-  Tin-*  9it.-th.»d  '  I  -Ii 
is  accorapl  i^ht'd  Kv  whi***.  '»f  » f»  '*  M 
ma  mean** 

L  *  Adhv<nVn  "I   nr-mi   f  »    i.Tl  *.  t"      ,  t  ■ 

..f  m>i^«wv 
J*  Mvt.il    tU's   tfPsK-ddrti    I,]  *  Of 

joints 

i-   I  nii-r  Ii'i  1-  i  Tit;  tbt  ti.i      sr%      -  f 
Al  1  *A   Uu*  aK  W 


l0-*>- 
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In  vhlrh        the  fnUewnu' 
niKt   vihi  jij-irt-  a  t  hri-r-rtii  ir  t  <  j 
thv  (*i»rftt*r  Lif  eai  h  h*-,hit  r  i  L ■■  ir 

En*  1Kb 
}-  Blink 

An  English  K'nd  pat  t  nit  vafl  i* 
(>OHL-d  of  alternate  <  ^ur^ts  *  J 
1-  three-quarter  and  bhnJ  ht  i ' 
2*  si  ret C hers  and  bul  1  ~ln«  *«U  r  v 
*-  headers  and  rt'tchi'r- 
ht-ader^  ^iiuJ  riiild  vfvi-l  T 


Learning  Oblettivc;    Sr,it<-  Hie 
purpose  of  metal  ti'-^  flaMuiiir, 
w*ep  hulft  u*»ed  In  masnrnv  t  n- 
Structt^n-     Textbook  \\t£e  H-P 


ERLC 
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10-7,      What  should  vo>  to  tie  thtf  brick  on  10-1  J* 

t tit"  outride  face  of  a  w^l]  to  the  back- 
ing course**,  whetj  no  header  <*oursfS  are 
to  be  Instil ! ed* 
\ .  Copings 
2  .  Met  nl  t  ie* 
3.  Flashing 

Mt-tal       llv  10-1  '.. 

10-8.      Uli.it  sbot,!^         uvt  t.^  pr*vont  nocture 

fr<>n  ■**-rrine  under   i  hori70vt.1l  ma^onrv  10-1^. 

surface  * 

I.  MUs 

* .  Cop  Inc^ 

J.  Parapet^ 

% .   Pl.t  thine 


In  brick  placement,  tv>nront<il  jtinetaent 
for  each  course       controlled  b\  a 

1 .  cross  iMnt 

2.  header  feint 
}.  line 

* .  o  lof urf 

T1^1  thickne^  of  n>Tt  ir  Joint  s  should 
SEVER  t-  ttf<-d  1       nu  h. 

T'  injure  ■)  t*1*  d  bond  hetwur  Mu  mortar 
and  tW  brick,  vtm  ^bould  .ivoid 
3  .  s Iiisbed  i o i 1  j t s 

2.  bed  Joints 

3.  cn^s  jtiirit^ 
^.  he  id   r>f nt s 


W-9.       l(tKfr  u*b  i,  h    nt  unul  it  ev  on  t  hi    f  la**  h  t  n« 
■■h^uld  be  allowed  :\>  Jr.ii~  to  the 
s  i       bv  rr.ms  of 
I  .  p^r^Pet 

\ .  u*       bo  U  s 
. .   si]  l< 


1 1-  irnr^   i  »h  )r«  r  ivr:     ^pet  i  f  v  t  h- 
P* .  n  ^-ihiros.   : J  :  ti  t  ht-  ^ ofi^t  r^r  " 
u  h+i    f  i-t^n  joints.     lextN \l 
"--I.*  thr  'ue:i  H-  ^ . 


ll  *  ih  i      -  1  h :  '*t  .  v*^    u 'to  i 1  d 

:  i  -I'  iIl.'V  iurt  w  rmv  t  *«-'it  u 
J.    !  the  require!  width  ■  * 

_L .   Ti    save   ,|fi  "s.-r  t .ir 

j.    :     m^o    i     i!1  fJrL*m  f.»rniT^' 

i  1 1      fip  u.it cr  t  '  ciiti-r  u.i  I  3 

t  -   .  j  lov  t  hi1  ttt^  rt       1 1'  dr  >  tit 


1^-1^.  ^I^t  i?hi>uld  ltn,  tlo  v-b«-ii  %tittln«  .i  brick 
t^  .in  exart  Iith'  with  .a  hri-k  chisel  or 
briok  *et * 

1.  Break  On-  bx  i%  k  with  '  Or  Mow  of  the 
b.irmer 

[  i"t   tiif  str.iij^ht   ^  j  Jc  of  the  tutting 
-■dtfc  f  ire 

►  .  Lt*t  the  -.rr.iight  -sidv  of  the  cuttinj; 

cd^t-  f .11  t-  the  p.irt        the  brick  tJMt 

i  s  to  be  ,s.»ved 
*.   Ml  of  th<'  obove 

1 r ■  —  1 T *     fn^i  tin  vt  inJ]HM'5t  .  f  vtatbcr-t  i^hrnvss, 
t  ht    K^t   t  v^r  ->f   louw  finish  i*.  the 
1  .  fiu-.h 
.' .        i  J 

\.  4  otu  uv 


I  f  iriUn;  oh       t  1  v  '     ro  i^t  t>ut 
;>jt^,moiu^i^    *f  1i\jtyh    it.  4  1  jl- ( 1 1  - 
nvh  i  >i!>WT'*n*bim*l  brh^  %  «]  S  . 
U*\tb*  ^k  tMH*  Hi»  u^h  8-/>T 


^Vrt.tr  th^t         1h         sprei'i  :->r  fbe  *  ^  \ 

I  .     ^       i ok- 
"  hn,  ks 
1.     4  bri-  ^s 
11  KM^kv 

H^w  mu-  h  ^>rtiir  do  von  pli»t^  on  me 
tditt-   ^  the  brii*  when  tnakitxc  .i  ht^d 
J  IrM  ' 

i.    I   imh  t  >  billow  for  ^lititiK  thtf  fur^  v 
J.    T^^t  ijnouj{h  to  preven!  excels  nor'  *r 
fr-fT.  bein^  pushed  -Mt  wht-n  thi-  \ri/k 

pLi-  ^d  ,  L0-JO. 

i.  tn.  iigli  nnj-tar        ir*>^ro  th.*t  tbt- 
l^int  I"-  fillr4  to  tht^  h.i!.-v,iv 
mm        th^  +  ■-.a  bruk 
^    ^  c^f..  J.  nor '  ir    I-,  will  ->t  it  k 


*ahli  )i        tin*  follovinr  j*,  ,it\  *!f'v.iiit*lgt 
of  wetting  brirk^  he  f .       tl»**v  art-  hiid? 
I  .  Mortar  spread <  ew-nlv 

MvTT<ir  adhere*,  belter  f  w**i  brick 

th.iri  drv 

J.  Wet  hri1  k  will  nit  dr\    ^it  t ht>  mortar 
r*»pidl^ 

Frith  of  the  a^^vt* 

Bf^  jthf  l>r  i^  kw^rk  j    uii'-at      m  t  .>r  v 
for  footings  t  t.Hk  ritt         ilWiiVi  usedx 

Wlut        the  fir^t   ^ttjf  l.j   t  hi-  procedure 
for  trotting  an  8-i:nh  i  ottji-,  ri-bond  brick 
vmIj  ' 

]  .  .*f  tlte  lvad- 

i.  PlJt  in>i  TT3ort+ir  fr,T   t  h*-  tomid^tioir 
^.  laving  bri^  k  o^i  t*n*  1tui>i*tion  with- 
out mortar 
* .  Pi  ao  1       t  wv-  t  hri  ^  -  j*Mrt    r  k  U LMire^ 


0     Use  the  following  alternatives  In 
answering  items  10-21  and  10-22* 
1-  Place  mortar  on  the  edge  of  a  three- 
quarter  closure  and  press  Into  the 
mortar  to  form  a  1/2-1  nch-thick 
head  Joint. 
2.  Place  six  header  bricks  on  each  side 

of  the  three-quarter  closure. 
J.  Spread  a  1-lnch-thick  bed  of  mortar 

on  the  foundation. 
4.  Check  the  three-quarter  closure  vltlj 
the  oason's  l^vel  to  Insure  that  the 
edges  are  even. 

10-21.    What  1$  the  first  step  of  the  procedure 
for  laying  the  corner  lead  for  an  8-lnch 
common- bond  brick  wall? 

10-22.    You  are  laying  the  corner  lead  for  an 
8-lnch  common-bond  brick  wall.  What 
should  you  do  after  pressing  the  first 
three-quarter  closure  brick  Into  the 
mortar  until  a  1/2-lncb  bed  joint  Is 
formed? 

tO-23.    After  placing  one  header  brick  on  each 

side  of  the  three-quarter  closure  bricks, 
your  next  step  in  laying  the  leads  Is 
to  place  the 

1.  quarter  closures 

2.  half  closures 

3.  full  course  of  headers 

A.  full  course  of  stretchers 

10-24.    The  stretcher  course  of  the  corner 

lead  for  an  8-tnch  common-bond  brick 
vail  Is  placed  after  the 
1*  fourth  course 
2 *  thl tA  course 
3*  second  course 
first  course 

10-23,    What  Is  normal lv  used  to  keep  each 

course  of  brick  at  the  same  height  on 
all  corners  above  the-  foundation"* 

1 .  Wooden  pole 

2 .  Mason's  level 

3.  Plumb  bob 

4.  Framing  square 

10-26     After  laving  the  corner  leads  of  the 

8-lnch  cocoon-bond  brick  wall,  you  are 

then  ready  to  lay  the 

1 .  tacking  tier 

2*  footings 

3*  face  tier 

i,  king  closure 


10-27*    The  backup  brick  for  a  coupon-bond 
brick  vail  1$  normally  laid  at  what 
point? 

1.  At  the  eighth  course  of  face  brick 

2.  At  the  tenth  course  of  face  brick 

3.  Just  prior  to  the  second  header 
course 

i.  Just  after  the  tecond  header  course 


Learning  Objective:    List  the  filers 
used  in  constructing  a  window  frame 
in  5  brick  wall.    Textbook  pages 
5  and  8-46 


10-28.  How  many  courses  of  2  j/i-inch  brick 
will  be  required  to  bring  the  vail  up 
to  the  height  of  the  windew  sill  when 
the  bottom  of  the  sill  will  le  5  feet 
8  3M  inches  above  the  foundation  and 
1/2-inch  mortar  joints  will  be  used? 

1.  22 

2.  23 

3.  24 

4.  25 

10-29.    The  next  step  In  construct .  .ig  the 

wiMow  frame  after  the  brick  has  been 
laid  up  to  the  sill  i<?  the  placing  of 
l  he 

*.*  header  course  sill 
2.  top  -*ourse  of  brick 
3*  rowlock  sill 
£ .  corner  leads 

10-30.    Before  the  brick  courses  have  been 

placed,  what  can  b*t  done  to  Insure  that 
the  top  of  the  brick  In  a  course  will 
be  level  with  the  top  of  the  window 
frame? 

1-  Mark  on  the  window  frame  the  top  of 

each  course 
2.  *,ay  a  1/2-inch  brick  closure  In  the 

rowlock  sill 
3*  Lay  the  brick  up  without  mortar*  and 

ad<?  3  inches  To  the  height 
i.  Lav  the  corner  leads  and  t  se  them  as 

a  guide 


Learning  Objective:    Stat**  the 
purpose  of  a  lintel  and  the  re- 
quirement applicable  to  corbel- 
ing and  preparing  for  parking. 
Textbook  pages  8-^6  through  8-49. 
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Wnat  is  Ti^vpurpose  of  a  lintel? 
K  1<>  tarrv  pJi^  weight  of  thfc  wall 

jIjovo  dehors  and  windows 
2-  To  assist  th<?  Builder  in  hiving 

a  rowlock 
1-  To  replace  the  use  of  a  trig 
i.  To  cjrrv  tho  load  hovond  the 

fa*  e  of  the  w.i  1 1 


learning  Object  to? :  Recognise 
rh£  tvpes-  of  hollow  brtck  wolls 
sind  explain  how  water  i>s  rero^v^d 
from  a  oavitv  wdM.  Textbook 


10-12. 


10-H. 


I  ft-  n. 


10- V.. 


Whuli  M  the  following  matoridlb  nuv 

I  -   used  far  llntt-t^ 

i,  P**t»c«isi  reinforced  concrete 

I, 

3.  Steel 

1 .  Eat  h  of   til*'  4*>o\  V 

The  <  urbt-  led  port  ion  of    i  rhinilev 
should  Nl»'J  prti(eet  nevoid  the  fnre  of 
a  w&\  1  CH-re  thai! 

1-  the  thickness  of  the 

2.  iht-  thickness  of  the  mortar 
J  t   2  tn. 


How  fn'is?   the   joints  on  the  hat  k    >t  ttu- 
t        tu-r  .'f  .i  hruk  wall  be  fmrshrd 
in  jtrt'j»ar.it  i' f *  t  par^i 1 
U  Raked 
2.  Fluxhvd 

St  run  k 
- .  Lorn  mjJ 

Kl  1  ■  k   f"Vtdjtl»rts   (t**low  ground    lev*  J 
ir>  iv-r^j !  !  ,  iude  w  u  en  ij;br  h\  : 
*I      ^  O  I'-u  i-f 

1 .  vat  msh 

'«   tw<    .o.its  itf  i  t  f**e lit  jmIhI 

r  i*  1  -  imis  i>;  h  r  t urn i oous  ma*-!  u 

■i  ■  1  UltL    ^  J  1  l  1  ri  t  e 


loiroin^  ohjeitivt;    K*<  l^ni/* 
spe*  ill  t  vpes  of   f  J  re -res  i  st  .in  t 
■>n  k  ind  their  usvs.  Textbook 
IMWb  8-40  ,ind  8- SO. 


of  bruk  ^uMild  be  twed  utitMi 


a.  id  ga^e**  and  fb)  heat  are  t  ■-■  hi: 
. <>ns idered1 

I  .    f  u  f,I.i/i-ti     <h>  s  i  I  u  <t 

'.    fa)  Sill,  i  f  itt- 

i .   I  u  3-  ito        Up  b.o  kup 

♦ .  f*t>  Backup    00  ft!  ii/t-d 

lH;-ir.        .  c   t  -h  ht'tw^*ii  f\lrobr(ik  should  W 
nifiOi;-        t  h in  as  |>o%s i  b i 

iO-^H.     H*  *  LiMst  t?.t'v  fu^o  together  n  t\n- 

joints  wli+4i^  sub  J  t'*  t  od  to  h  i  ^  ^  t  f*mptir  ri  ■■ 
rur^st  si  1 ri  brh       d<  ■  M>I  ro^pzir^ 
TtM  *r  t  a  t  . 


10-19,    Uitt-r  th,it  per^etratos  10  iho  inside 

of  a  cdvity  wdll  is  .illowtM  to  escape 
duo  to  tho 

1.  2^-;nrh  c/lvitv  In^tallod  in  the 
i  onlor 

woop  hojos  thj?  nirt-  placed  nbove 

^iound  "Iwi1!  li>  tbt*  first  course 

<»f  tho  nutor  t  JiT 
J*  lu-ddors  that  are  Installed  ovory 

s ix  course  i 
A,    U-iOfh  («ivlf  installed   in  tho 

vt'iit^r 

10-^*f)T     Due  t<-  the  pTesOiu  *   ot  litMdiT  urtirsej* 
r^wjink  Wdlls  drt'  \Ol  ^  vMU-rt  iglit 
is  ,  jvit v  um  1  Is  - 

I  [>-  * !  ,    U'tujt   1^  t  Ue  mi  ti  i mum  (,\)  hor  i /t>nt *i  1 

2nd  ih1  vert*    tl  *i\iiitig  n>  inLhts  of 

t        (iict^l    t  lr-    u^rd    tn  l^T  irk  vt'nt'Or 

w  i  J  i  ^  * 

i,  (.u  12   (b^  : - 

(a)  2^  Hm  Ih 
^.  (.t)  J'*  rb)  2* 
*.  24     (b)  }h 


i  tvri  n  hr  1 1  k 
t  *  .J-    is  f  ot  mud 


i0-:+T>.  jht  str'n  tural  b-na 
vvnt'vr  ma  ton!  t  <■ 
wit  h 

1  -  nW <i  1  tics 

2  -  lie  ider  hr  i<  k  * 
1 ,  vi  t  c  n><  sh 

. .  tHri^tm  rv  ndi  I  s 


.inm^  f  i  vtj ;     st  it+^  tl* 

parpo^i  of  roinfori  inp  stt«>l'4tnd 
t»hf>la in  k  on^t  rm  t  i*n*,  pr.u  thvs 
used  b\   t  hf  Etui  Id  or   In  roinf^rcod 
bri  i  k  m  is^nrv  i  <ms t  ru>  t  to;>,     I <ax t  - 
book  iMfU's  through  K-S7, 


J'l-'H,        t  T"i  1  *  *  r  *  i  ti£  sit-rl    i  s  us,  ii  in  brick 

t  ,  t ^ j  -.t  ifrisib'  4tr  -  ^i-'"- 

2  >   r  i  i ^t3  tin-  t  omprt  ssivi'  st  rorigt h 

.jhnvo   VU)0  ^>  ■}  in. 

i .    is-,  is  t  t toisi  lo  s?  ri"-.^ 
*    r  .i  t-i-  t -i-mpr*' ^  i  vi   st  ri  njjt  h  to 

.  .VKl  lb  iu  r   mj  ht 


iO-^«    Because  of  tta  high  strength,  what  tvpe 
|  of  mortar  l**  normally  u*ed  for  reinforced 

brick  iwsonrv"* 
*J  KM 

2.  N 

3.  O 


Learning  Ohjective:  Estimate 
quantities  of  brick  and  mortar 
ft*r  simple  structures.  Text- 
book panes  6-57  and  8-5S. 


10-^5 .     In  nut  son  rv  omsr  ruo  t  ion,  v^rt  i t  ll  r^ln* 
forcing  bars  .ir**  held  in  pl.*i  t  wuh 
1.  templets, 
2  ■  ^t  irrups 
3.  tie  bars 
*  *  snap  t  ie^ 

10-*h,    tfheri*  reinforced  brick  h trains  require 
form  uork1  how  roanv  d.iv*.  should  pass 
before  the  bottom  form  work  i>  removed4* 
1  *  10 


_      Information  for  Items  10-S2  arwl  10-53. 
A^sxjdu*  vou  are  t*otist ruct  Ing  a  4-iuch 
br Ick-veneer  wait  over  plvvood  sheathing-  The 
wall  is  to  be  10  ft  high  and  2h  it  long.  l*sse 
a  <*t<mdard  running  bond  with  standard  2  \/U-  bv 
3  3*i*  bv  Simmon  brick* 

ll*-**.1.    Approximately  how  m,mv  brhks  will  he 
r»*qulrvd  to  ton-itryct  this  w.iIT 
1  . 

2.  ]2U2 
^  1.  IWft 
4. 


fU-inf  >rr*-d  brkk 
with  ail  t be  br t 
laid  bt-fore  anv  brick 
is  placod  to  insure 


beams  are  const  cue  t  t>d 
k  in  one  course  boinp 


m  thi-  next  t  .nirse 


trotter  of 


in. 


c  he  beam^  tH  M 


1 .  a  bed  of  mortat  at 
thicker  than  the  d: 
reinforcing  bar 

2.  thu  the  depth  oi 
tr+ceud  the  width 

i  continuous  nond  bvlvri*n  the  tnort.  i 
and  the  strel  bxjrs- 
4.   tht*  proper  placemen'  of  th-L  cavllv 

I "  create  an  opening  of  )2  f o*>t  .   .  ^ 
nerd  (a)  how  manv  rei-if arcing  bars 
,ind  oi"  fb>  what  diimeter'* 
1.   la)    I     (M  3/8  in<h 
J.   fj)  2     <b)  1/4  i -i-h 
i.   {.i>    i    <h)  Vfl  in<  h 
(a>   *    '»  3/8  inch 

Rt1  t">fot  ^  m>;  bar*  in  u.ni  f.^nln^s  wliu1 
run  parallel        the  dirertjon  of  thi* 
ir^  tjsod  t->  provt*r>t  r  racks  p**r- 
I  endi<  fj  Lil*  t  o  t  ho  ual  J  ♦ 


I'J-'O  >         inf  £>r  *         bar*;  in  5i         c»  Uihiih 


should  b*j 
1  .  <  Miirs/ 
/  .  *>e<  i  ad 
j.  third  , 
fcnjrth 


t  l^d  with  sto*  1  hoops  |iwr\ 


tfhen  ful  I  si/c  hrl^ 

^h-H  mav  bo  »i->^d  x 

'  i  >  1 umn 1 

I .  S'»Mier- 

;  .  Hr  ii  t  ii.it  - 

1.  Splits 


ks  win  \MT  r  J"  , 
fn  v.>tds  frt  tiiv 


S^->i.  *Appr->ximnt  e  Jv  (mw  manv  ruoU   feet  of 
moitar  will  be  required  t-^  nmstiact 
t  h  i  ^  v.iU1 
l.     8  ^ 

^ ,  2^ , 
^.  2h.^ 


i  imTii  i  n>?  i>b      t  lve  :     ^tat  ii  tin 
Mjrp'^o.  and  tv^es  iif  silis  u^ed 
iii         ^n^truiti^ii  of  o  bulM- 
lc>t  -    I  *'At  boj4  p.i^e^  ^-l  thro-^h 


I  r.itfim^  i  <>  t  ho  pi^  t 


I .  A-f  r«m*» 
J.  Hill 

ri.jtior^ 
'*-  Balloon 


Ij>  the  <onMractr>n  of  .»  hulliiif,^,  what 
diu's  the  *!l  1 1  s-jppon  * 

1.  Thv  whole  strtnture 

2.  All  l  hr  framing  structure* 
\ .   The  f oaudat ion 

*  *  Ihe  oxter  lor  w\i  I  i 

J  r>      *     In  bo-4*>  1 11  i  t^nst  rtii  t  ion*  t  ht    1 1  *or 

^>Ist   js  framed  -w-U'ist  whai  ^r^  (umI 
mt*mbt*  r  1 
I  .  (rirder 

*.  Soffit 


T2V, 


10-57,    Ai  what  distance  is  the  edge  of  the 

Hill  usually  set  back  from  the  outside 
edge  of  the  foundation  wall? 
1-  The  thickness  of  the  aiding 

2.  Tie  thickness  of  the  sheathing 

3.  Twice  the  thickness  of  the  sheatblng 

4.  The  thickness  of  the  header  material 

10-58.    After  the  holt  holes  are  drilled  and 
the  sill  fitted  properlv,  what  shuuld 
be  the  next  step? 

1.  Tighten  the  anchor  bolts 

2.  Install  the  header  Joint 

3.  Place  the  sealer 

4-  Install  the  floor  Joist 


8 


JOIST 


Figure  10B--Jotst  layout- 


Learning  Objective:     Identify  bv 
nomenclature  the  metabera  used 
in  floor  framing,  and  the  function 
of  bridging,  and  the  construction 
methods  used  with  floor;  suhfloor 
and  bridging.    Textbook  pages 
9-5  through 


10-^9.     In  platform  framing,  the  mit*» Ide-wall 
end 4  nf  the  upper-f  t^r  J^i^rs  art* 
nailed  (><  the 

1 ,  slU 

2.  header  t-^st 

3 ,  second  f  1  oot  so j op  1  a* t# 
■i.  ledger  plat*" 

I0-M),     Willi  h  <-f  the  foil- wins  is  ,i  mi  ' s  ni 

framing  I  he  fn^ide  ends  oi  ioKts  t^  * 
wooden  girder'* 

1.  Hanning  the  ends  ^nto  a  stirrup 

2.  Lapping  on*1  end  to  aiiotb-r,  [up- 
nailing  both  to  the  girder,  then 
spiking  them  to  each  other 

1.  N'<-t^hln#  rhe  pnd%  lapping  <>ne  to 
another,  pla< log  them  parti'  on  the 
girder  and  partly  on  a  ledger  plate 
nailed  to  the  side**  of  the  girder, 
toenailing  both  ends  to  the  girder, 
then  spiking  thei&  ti^  each  other 

* .  t M h  of  the  above 

10-61  -    A  joisi  thai  extends  fr*m  i  sill  to  a 
**r ai rwr II  is  ,  jii i 

1  .  i  ripple 

2  *  trimmer 
3-  campion 

4.  header 


10-62,     Which  of  the  lavoijts   hi  figure  MU,  is 
corret  t  ? 

1.  A 

2.  B 

3.  r 

1 0-M  k     lolst  members  should  dhtavs  be  placed 
with  tht*  crowns  turned  up. 

10-64.    How  are  header  and  strlngej  joists 
na tied  to  the  il 1 1  * 

1.  Bv  face-nalllng  w»th  I     pi*niw  naJis 

2.  ftv  face«nailing  with  H^penov  nails, 
lb  in.  on  renter 

3.  Bv  toenailing  with  ln-ptnnj  tui  Is, 
lb  in.  on  renter 

'*    Bv  end-nail ln&  wi  M>  in-j^nnv  Uiils 

Psuallv  <li^jblini-up  '"iM1.  whli'h  1  ir  on 
the  sides  of  a  flo*r  opMim^  are  called 

1  .  r.»  i  1 

J.  rrinsftur 
1,  (  ripple 
U  r  C  tfflimi 1  n 

]0-M.    Assume  that  vo«  are  (  distrusting  a 
double  ji*»st  thai  i*>  t  >  parallel  an 
upper -siorv  par t  it  ion,     if  the  so je- 
plate  Is  a  2  bv  U  and  Mte   Joists  .«te 

2  bv  10ts,  what  sl7f  lumber  will  vnu 
use  for  tin  solid  bridge1*1 

1  .  _>  x  i  *> 
I.  2  x  4  x  10 
}.  /  x  ft  x  A 
>  x  f>  \  10 

in~f>7.     Whim  of  the  fj-llovinj?  at*   i4sni  in 

support  )ohu  ihat  pro Wc  t  H  ritflu 
angles  lo  ihe  lengths  .*j  the  fli-.-r 

1  .  Joi«i  hangers 
J ,  Hurricane  <  I  u»s 
K  Tie  rods 

Splice  M^fcv 


ERIC 


10-68-    Besides  holding  the  Joist*  pt*"*t>  and 
alined.  bridging  t^crves  what  other 
1  purpose? 

1.  Distributes  part  of  a  concentrate 
load  over  several  jours 
J  2.  Increases  the  area  available  fur 

nailing  suhfloor  xnaterlal 
3,  Increases  the  strength  of  the 
r  finished  floor 

Decreases  the  mifliher  of  Joists  re- 

|  quired 

( 


i 


i 


i 
I 


ERIC 


Assignment  11 


Mjght  Fran*  Const  nn  t  Ion :  Floor  and  Urill  (com  inued)  and  Roof  Framing 
Textbook  Assignment;     Pnigi>s  9-15  through  9-43,  and  1*1—1  through  10-20 


Unfiling  obji-t  t  ivr  (continued) : 
Identify  bv  nomenclature  the 
members  used  in  floor  framing,  nind 
the  function  of  bridging,  and  the 
i  onst  txu  tioii  methods  used  with 
flo^r,  subfloor  md  bridging. 
Textbook  pages  9-15  through  9-18. 


B 


Figure  llA.H'innj*  ■n*t  <  n^s  bridging. 

^      1  it  .m*-,v*  niiR  liein*,  1 1  - 1  .uid   M-.*,   n-ft  r 
t  h>  f  1  L^tirt-  MA. 

11'].       V.n   distant'  1.  rvt^u  ]ttw,  \   End  K  » *> 
l w]u  tl   t  h>  t  htJ 

I,    h-ngth  <>f  the  •  ro'-s-bridgmg  -f  <ii 

distance  between  thr  Jh *  1 
*  .   It-ngth  of  t  ho  t*i  i  st  s 

length  of  the  sto*k  fr>ro  whw  h 

st  rut  s  will  l>t-  out  - 

11-'.       i\i*r  shortest   Ijno  that  t  in  hi  rli  iw^ 

ht'twem  litie^      and  I)  is  equal  to  eh*' 

1.  width   if  the  strut  sunk 

J.   thickness  of  the  strut  st^xk 

3.  width  M  tht*  joist  shMk 

\.  thiiknes*-    >f  the  Jnust  s^>*  t< 


ll-ii      Vh-it   is  the  correct  sefjiumeo  for 

securing  *i  sub  floor  and  bridging  to 

the  floor  joists  of  .1  building? 

1.  Hail  the  tfubtleor,  t'ien  the  top  and 

hot  con  of  the  bridging. 
J-  Nail  the  bottom  of  t'.e  bridging,  then 

the  subfloor,  nnd  finally  thr  top  of 

the  bridging. 
K  Mail  the  top  of  the  bridging,  then 

the  sijbfloor,  and  finally  the  bottom 

.>f  the  bridging. 
*    Mail  the  top  <[nd  bottom  of  the 

bridging,  thon  the  subflooj  , 


\  1  ~"\ 


I  timber  th*it  is  used  far  t  ho 
is  NrVfrW  s<|iinn— edgiuK 


mjM  looring 


Tt>  s^oari*  t-  hv  f>-imh  ^uM  lo^r i av 
when  t h*,'  hoards  cross  10  ]iiists, 
what  minimum  number  «iE  nn  is  \u 
rer|ui  red  hi  o;ich  joi  st  ' 
1.  ft 
.  in 

JO 

|l  vvthul  subl  loor  ing  with   in   mdt  v  milk 

of  4 J / 1 6  would  be  saitabh    t\»i  us4» 

with  which  of  thr  following 

so,u  i  ng  * 

I  .   lh  iu,  n,<\ 

.'.   Ift  in.  n.(  , 

1.  in.  <>.<\ 

th**  host  ptiKnnuuto  ui  plvvo^J 
sobf  looritig  (  wluU  expansion  .illov,mu' 
should  he  usrd  between  the  (a)  ends 
nnl  (h)  edgos^ 
K  U)   i/16  In. 

2.  (u)  in. 
U  <0  1/8  In. 
'*.   (0   1/4  In. 


<!>) 
<bi 


1/8  in, 
1/8  in. 
l/tb  in, 
1/8  in- 


Learning  Objective:    Identify  the 
wall  framing  members,  their  pur- 
Pose*  and  hotf  to  utilize  these 
members  In  building  construction. 
Textbook  pages  9-18  through  9-34. 


11-8.    The  bearing  strength  of  stud  walls  la 
determined  by  the  strength  of  the 

1.  fire  blocks 

2.  girts 
3*  studs 
4.  plates 

U-9,      In  rough-wall  framing  the  first  floor 
of  a  building,  the  ceiling  height  Is 
u^uallv  maintained  at 

1.  7  ft.,  8  tn, 

2.  8  ft.,  0  in, 

3.  8  ft,,  1  1/2  In, 

4.  8  ft,,  8  5/8  in. 

1 1 -10 -    Which  of  the  following  Is  a  function 
of  the  top  platet" 

1.  Ties  the  studding  together  at  the 
top 

2,  Support  the  lower  ends  of  the  rafters 
3-  Serves  as  a  connecting  link  between 

the  walls  and  the  roof 
4.  Each  of  the  above 

11-11.     In  layout  of  the  lower  end  of  a  partition 
stud,  which  of  the  following  sequences 
is  correct? 

1.  First  the  vertical  distance  between 
the  finish  floor?,  plus  the  thickness 
of  the  soleplate*  plus  the  thickness 
of  the  finish  floor. 

2.  First  the  vertical  distance  between 
the  finish  floors,  minus  the  thick- 
ness of  the-  soJeplato*  plus  the 
thickness  of  the  finish  floor 

J.  First  the  vertical  distance  between 
the  finish  floors*  minus  the  thick- 
ness <>f  the  soleplate,  minus  the 
thickness  of  the  finish  floor 


11-13.    When  placing  let-in  bracing*  you  should 
make  sure  that  the  bracing  is 

1.  cut  1/2  Inch  longer  than  the  width 
of  the  stud  to  which  it  Is  nailed 

2.  set  into  the  studs  ltorisontal  lv 

3.  set  into  the  edges  of  studs  so  as  to 
be  flush  with  the  surface 

4.  never  cut  except  when  It  is  to  he 
placed  at  an  angle 

11-14.    Which  of  the  following  bracing  methods 
should  be  used  to  obtain  the  highest 
strength? 

1.  Let-In 

2.  Cut-in 

3.  Horizontal  sheathing 

4 .  Diagonal  sheathing 

11-15.  Refer  to  textbook  figure  9-27.  If  the 
cut  of  the  mof  was  given  as  9  Inches, 
what  would  be  the  line  length  *f  FC? 

1 .  8  1/2  in. 

2.  12  in. 

3.  17  1/2  in. 
i*.  2t*  in. 

11^16,    A  door  fs  indicated  as  2  ft  &  in,  wide 
on  a  door  section.    If  the  side  lambs 
are  I  l/£  tn,  thick,  the  rabbets  are 
1/4  In.*  and  the  framing  allowance  Is 
1/2  in.*  how  wide  should  vou  make  the 
rough  opening  for  the  door? 

1.  1  ft    6  tn. 

2.  1  ft     7  In, 

3.  Z  M    9  In. 
I  ft  10  in, 

Il~l7.    What  is  the  approximate  distance 

hetwe-en  the  subfloor  of  the  building 
.md  the  bottom  of  the  header  for  t\ 
door  6  fr  10  In.  nigh*  if  a  2- in.  door 
jamb  is  used,  the  lugs  are  1  ^n.  deep, 
and  the  clearance  allowance  total** 
V&  In*? 

J.  h  ft  h  3/8  in, 
?.  b  ft  10  in. 
1.  7  ft 

7  ft  2  tn. 


11-12.    What  type  of  partition  wnll  roav  he 
Installed  after  rhr  ,>ther  framework 
H  comp lot^d* 

1.  T-post 

2.  Bearing 

3 .  tfonbear  Intf 

4.  Let-in 


11-18.     now  hlfth  Is  the  to|>  of  a  snhsill  header 
above  J  hulltling  subflooi  when  tlu-  too 
of  the  1-in. -thick  window  sf1 1  is  1  ft 
10  In.  above  the  finish  floor;  the  sill 
hove]  allowance  Is         In.,  and  the 
finish  floor  is  1/fc  in.  thirk? 

1 .  ]  ft  7  7/S  In. 

2.  2  ft  10  in. 

J.  ?  ft  U  1/8  In. 
1  ft  1/8  In. 
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11-19*    In  balloon  construct  ton  *  the  second- 
floor  Joists  are  called  to  the  fituds 
and  bear  on  top  of  a 
K  1-  by  6-ln.  ledger 

2,  2-  by  4- in.  header 
3*  1"  by  4-in.  ribbon 

4.  2-  by  4-ln.  let-in  brace 

11-20.    The  tilt-up  method  of  Call  framing  is 
NEVER  used  for  walls  over  12  ft  In 
length. 

11-21.    When  using  the  horizontal  wall  framing 
assembly*  you  may  Install  which  of  the 
following  components? 
I  *  Windows  onlv 
2*  Doors  only 

3.  Siding  only 

t         4.  Windows,  doors,  and  siding 

1l-?2*    After  eietti^n  of  vails,  you  can  assure 
they  are  straignt  by 

1.  applying  a  chaikilne 

2.  inserting  temporary  braces  in  the 
studs  between  intersecting  partitions 

3.  Adding  a  third  top  plate 

U.   intersecting  the  exterior  ar.d 
Interior  walls 

11-21.    How  are  the  location  of  the  walls  and 

the  size  and  spacing  of  studs  determined 
for,  interior  walls'* 

1.  By  the  width  of  the  floor  joists 

2.  By  the  type  of  Interior  rovering 
select  ed 

3.  Bv  the  room  size  desired 
<*.  Both  2  and  3  above 


11-27, 


ll-2i 


11-25. 


When  preassembled  trussed  rafters  are 
being  Installed,  how  many  load-bearing 
partitions,  if  aiiv,  are  normally 
required? 

1,  One 

2,  Two 

3,  Three 

4,  None 

In  areas  where  continuous  ceiling  areas 
are  desired*  flush  beams  may  be  used 
as  substitutes  for  load-bearing  partl- 
t Ions. 


Learning  Objective:    Explain  how 
beam  and  post  framing  Is  used  In 
place  of  interior  and  exterior 
load-bearing  walls.  Textbook 
page  9-36, 


In  building  a  structure  with  p^st-and- 
beam  framing,  you  use  a  flat  or  low 
pitched  roof. 


11-28. 


M-30. 


11- Vi. 


11-J2. 


What  is  used  to  fasten  spaced  beams 
and  posts  together? 

1.  Metal  angles  , 

2.  Joist  hangers 

3.  3/4-in.  or  thicker  plvwood  cleats 

4.  U-bolts 


Learning  Objective:    Describe  the 
different  types  of  sheathing  used 
to  complete  wall  framing.  Text- 
hook  pages  9-39  and  9-40. 


To  eliminate  corner  bracing  and 
increase  greater  rlgiditv  to  the 
building,  how  far  down  on  the  exterior 
wall  should  you  place  wood  sheathing? 

1 .  To  the  soleplat e 

2.  To  the  subfioor 

3.  l<i  the  header  Joist 
4*  To  the  sill  plate 

What  is  (a)  the  minimum  thickness  and 
(b)  the  often  desirable  thickness  of  ( 
plyvcod  that  should  be  used  for  ' 
sheathing  material? 

1.  (a)  1/4  in.  (b)  1/2  in. 

2.  (a)  Wl6  ln.(b)  3/8  in  -  » 

3.  (a)  3/8  In.  <b)  In.  , 
U.  (a)  1/2  in.  (b)  3/4  In.  ' 

How  jre  2-  bv  8  ft  sheets  of  structural 
Insulat  ing  hoard  *>hea thing  insta]  led? 

1 .  Hori zontal 1 v  i 

2.  Vert  leal  1  >" 

3.  Diagonal lv  ) 


Learning  Objective:    HxMaln  the 
procedures  used  when  wall  sheath- 
ing is  being  installed.  Textbook 
pages  9-60  through  9-63. 


When  the  sheathing  is  tfOT  satisfactory 
to  serve  as  bracing  around  window  open- 
ings, what  is  the  minimum  number  of 
stud  spaces  a  full  length  I-  by  4-inch 
Ut-in  corner  brace  should  cover1* 

1,  five 

2,  Two 

3,  Throo 
Um  F^ur 

When  end -patched  ton^ue-and -grooved 
sheathing  is  used  to  provide  adequate 
bracing,  how  manv  studs  should  the 
sheathing  bear  on1 

1 ,  One 

2,  Two 

3 ,  Thrt-e 


68 


7'" 


11-31.    What        tht-  minimum  Htfe  sparing  of 
na  lis  used  n-n  i*l  wnoil  v  Warning  7 
1,  12  in, 
1>  10  U. 
1.    3  in, 
*  in, 


Learning  Obtect  ivi>:    Define  roof 
framing  terras  cnmmonlv  used  during 
const  i  tic t  Jon,    Textbook  p*ig£s  10-2 
and  10-1. 


ll-l*.  install  2W12  in,  v(  r, i,  tir.il  insulat- 

ing board,  what  tvju'  ■*   nail  should  be 
uned^ 

1 ,  1  In,  wall  hoard 

2,  fcd  galvanized  box 
).  Ad  common 

4,   I   !/'•-  in .  >ta|  vani/ed  roof  ln>» 

11-15.    Prior  to  installing  w.md  Singles,  what 
must  v<ru  install  on  gvpMiro  hoard  sheath* 
Jng* 

1,  Metal  latti 

2,  Ilurrirane  clips 
1,  rfood  strips 

4,  Wal  J  t  i^s 


il-42,     Tht*  span  of  nnv  rnof  is  defined  av  the 
shortest  distance  between  (fche) 

1 .  plate  and  the  rap 

2,  two  oppnslte  rafter  seat-* 
1.   inside  plates 

4.  phimb  and  level  lines 

H-41,     If  j  building  U  24  ft  6  In,  wide  and 
has  a  gable  roof,  what  is  tin-  total 
rxttt  of  the  common  rafters* 
I,     8  ft  2  in. 

12  ft  1  in. 
^,  24  ft  6  in. 
4,  49  ft 


11-16,     How  njiiv'  ini  ikes  should  K  r  i  rent  i El v 
-kpplied  sheathing  paper  he  Lipped1 
1.    \  2 

?.  8 


1         1  ttji  ' lK  ii'i  t  i  .'e  J  var  l  '^iis 

rvpe^  **f  t*M'fs  rid  Midii  no  tot* 

ifc^e  ^f  <l*J*  h  t  ",'JV  .      Textbook   p,^t  x 

IN  - 1    met  ]'J-J. 


In  answering   ir-ns  tbr  ^j/b  U--lf       1  »*<  * 

the  rvpc  r  ^  in  ■  ihnr'  h  tT.it  rut.hes  the 
de^L  r  i|i t  I*  n      ,*ti  in    ^  l        \ . 


U-44,  While  looking  over  the  specifications 
f->r  a  ^abie  roof,  vhj  find  the  cut  is 
lifted  ax  4  in-    What  does  this  indf- 

I  .    4   in.  --t 

4  in,  H.t 

*.  4  fn,  »f 
4,    4    in.  of 


run  hi  I.!  in,  of  rive 
rise  In  1/  in,  of  run 
rHe  in  1 2  ft  run 
rl^e  hi  24  ft  of  rnn 


In  roofing  term*;,  the  hvpot emixe  of  .i 
trian^!^  whose  b<ne  equals  the-  t^t.il 
run  and  vlm^e  altitude  equals  th*h 
tut.*]  r  i  so  is  kivnm  rtv  the 
I ,  span 

total  rise 
^ ,   I i up  i *  net h 
*,  i  nai  run 


\.  -h-m  r  ( pt  i*ais 

i      r.  ir    'I  it 

H-  \4       ^  ■  I  !«  t  wMt,    ^   !  — 

rn^T*  in.;  p  *w  *r  1  tht- 
<  ent  f  r    -t  t  fu*  tmi  I  iin* 


^t  r * i ■  r  ijr* 


ft-   I' rev  -.f 
Roof   

2,  Itir 

[can-to 
r .    J u!  cr^t^  t  I'lK 


liarnin^  iih]*«c  I  i^>i     Memifv  the 
nvc  ,^f  Tnift^rs  .md  th,*  tiirmv  n^ed 
Iti  »  on  iniiL  t  t'*n  with  tlu-m,  ie\1l>^o|< 
pap**s 


through  10-21). 


.i  ri>  f  framework "* 
I  .  K.i f  tt-rv 
2,  StucK 
J ,  it,m^tjr  v 


up  t  iie  m.i  in  Tn>ii\. 


]  1-4L 


Ab.it  t1. p^    W  r.i'lcr  i*,  n^rd   »t  tin 
internj'*  t  ion  r»t  t  \iv  mai»  rt>  w"  rid^< 
the  Jritr-r-' *  I  irv  r>>i>t  ri<ir<>7 

II  n 


11-48.    Uhat  rafters  do  NOT  meet  etcher  the 
*:op  place  or  ridgeboard^ 
1  *  Copgnon 
2*  Cripple-jack 
3-  Valley-Jack 
4*  Kip-jack 


In  answering  items  11-49  through  11-51*  select 
from  column  D  Che  definition  of  Che  cerm  given 
In  column  A. 


Terms 


11-49.  Seat  cut 
11*50.  Side  cue 
11-51,  Eavft 


B.  Definitions 

1.  Thac  portion  of  a 
rafcer  extending 
bevond  the  outer  udge 
of  che  place 

2.  A  bevel  cue  on  che 
side  of  a  rafcer  to 
fic  against  another 
frame  member 

3.  A  cut  made  ac  the  end 
of  che  rafter  which  is 
to  rest  on  the  plate 

4.  Thac  distance  between 
che  outer  edge  of  the 
plate  and  the  center 
of  che  ridge  1 ine 


11-55.    When  you  use  the  framing  square  shown 

In  figure  10-8  of  your  textbook,  whac  Is 
the  line  iength  per  fooc  of  run  for  the 
common  rafter? 

1.  13.00  In. 

2.  14.42  In. 

3.  15.62  in. 

4.  16.97  in. 

11-56.    Whac  is  che  line  lengch  of  a  common 
rafcer  for  che  hip  roof* 

1 .  16  ft  9  7/8  in. 

2.  17  fc  2  In. 

3.  18  fc  2  11/16  in. 

4.  1$  ft  3  5/8  In. 

11*57.    When  a  bird's  mouth  Is  being  cue  In  a 
rafter*  the  most  important  measurement 
is  che 

1.  length  of  che  seac  cue 

2.  length  of  che  heel  cut 

3.  Angle  of  chf*  tail  plumb  line 

4.  distanee  from  the  seat  cut  to  th* 
top  of  the  rafter 

11-58.    Refer  to  textbook  figure  10-11. 

What  is  the  number       common  rafters 
you  might  have  at  each  end  of  a  typical 
hip  roof? 
1.  Two 
1 .  Three 

3.  Four 

4.  five 


equal 


11-52. 


11-53. 


11-54. 


In  angering  Items  11-52  through  11-56, 
refer  to  figures  10-3  and  l0«4  in  your 
textbook.    You  will  be  vorking  with  an 
f.ltch  hip  roof  and  the  dimensions  are: 
Span:    28  feet 
Pitch:  \h 

Projection:    12  inches 
Ridge  sUe:    1  by  6  inches 
Length  of  building:    40  feet 

tfhat  is  the  total  run  of  the  rafter 
disregarding  the  projection  and  ridge-* 
boa  rds** 

1.  10  ft 

2.  12  ft 

3.  H  ft 
18  It 

What  is  the  unit  riw  for  the  roof? 
t.    8  in. 
2.  10  in. 
3    12  in* 

4.  15  in. 


What  is  the 

1.  W12 

2.  8/12 

3.  9/12 

4.  10/12 


ut  of  the  roof* 


The  uuit  rise  is  alwavs  the  same  for 
hip  and  common  rnfterst  but  the  unit 
run  of  a  hip  rafter  is  different. 

11*60.    Assume  that  vou  are  using  a  framing 
square  for  making  plumb  outs  for  the 
hip  rafters  of  an  equal-pitch  hip  roof 
whose  common  rafters  have  a  unit  run 
of  12  in.    To  what  unit  of  run  should 
vou  set  Vour  square* 

1.  12  In. 

2.  15  in. 
1.  17  in* 
4.  22  in. 

11-61.    tfith  A  hip  rafter  framed  against  a 

common  rafter,  the  shortening  allowante 
will  be 

1.  one-half  of  the  45*  thULness  of  the 
ridge 

2.  one-fourth  of  the  45°  thickness  of 
a  common  rafter 

3.  one-half  of  the  ^5°  thickness  of  a 
common  rafter 

4.  one-half  of  the  thickness  <>f  the 
ridge 
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Figure  UB*-Ed£e  views  of  rafters, 

11*62,    In  the  figure,  the  edge  view  of  a  hip 
rafter  framed  ro  the  ridge  piece  of  an 
equal-pitch  hlj>  roof  Is  represented  b> 
1  *  K  otilv 

2,  6  onlv 

3.  A  and  C 
4»  B  and  D 

11-^3,    Ac  what  points  wl M  you  bold  the  framing 
square  for  determining  the  angle  of  the 
side  cut  on  a  hip  rafter  with  a  unit 
rise  of  9  inches? 

1,  9  and  10  5/8 

2,  9  and  12 

3,  12  and  10  bf$ 

4,  12  and  i7 

11-64.     How  do  the  common  rafters  of  an  inter- 
secting roof  compare  with  th±  common 
rafters  of  the  main  roof  which  is  of 
equal-pitch  and  uneqaa 1-span? 

1,  The  line  length  of  the  common  rafters 
will  be  the  same  throughout  the  roof, 
except  for  the  angle  of  the  tidge-end 
side  cuts,  which  will  be  different  for 
both  the  main  roof  rafters  antf  for 
the  interseeting  roof  rafters 

2,  The  actual  length  of  the  main  rcof 
common  rafters  will  be  logger  than  the 
common  rafters  of  the  intersecting 
ro.if,  but  the  angle  of  the  ridge-end 
cuts  will  be  the  same  throughout 

J,  The  Mne  length  of  the  common  rafters 
will  be  the  same  throughout*  and  the 
tingle  of  the  ridge-end    ut  will  also 
be  the  same 

4,  The  actual  length  of  the  common 

rafters  will  be  the  same  throughout, 
except  for  angle  of  the  ridge-end 
ruts,  which  be  different  fur 

main  r™>f  than  fr>r  the  intersecting 
ro£if 


n-67. 


1  1-68. 


ll-f>9. 


1 1-70, 


Which  t^ohnlQue  in  used  in  constructing 
n  dormer  that  has  a  long  and  a  nhoft 
valley  rafter? 

1.  Frame  noth  valley  rafters  up  igainst 
the  tfain  ri<Ige 

2.  Ftame  both  vallev  rafters  up  gainst 
the  intersecting  ridge 

K  Fra-*?  the  long  vallev  raiter  up 
against  the  intersect ing  rubv  and 
the  short  rafter  up  against  tho 
main  ridge 

Krame  the  lonp  vallev  rafter  up 
against  the  main  ridge  and  the  slmrt 
TaFtir  up  against  the  long  oiu* 

In  answering  Items  11-66  and  11^7, 
refer  to  textbook  figure  10-8, 

What   i>  the  bridge  measure  of  .i  vallev 

raftei  in  a  roof  that  has  a  common 

rafter  unit  risi'  of  $  inches^ 

1     13,28  in, 

2 ,  l!*:U]  in, 

J,  15,63  in. 

4.   18,  <6  hi. 

What  is  the  length  of  a  vallev  raftpT 
in  a  roof  that  has  a  span  of  20  ft  ,m<] 
a  <:omm<>n  rafter  unit  rise  of  9  inches'.' 

1,  i4,40  It 

2,  15,63  ft 

3,  16  00  ft  - 
■i,  18,76  ft 


What  is  the  shortening  allowance  of  a 
vallev  rafter  for  a  dormer  without  side 
walls  framed  between  double  ht-adt-rs 
with  a  combined  actual  thickness  of 
3  1/4  inches? 

I.  One-half  of  the  4SV  iln.kne^  i>f  the 

I nstde  upper  double  header 

one-half  of  the  45*  thukness  of  the 

common  rafter 
i,  ttoth  1  and  2  atnu/e 
4,  one-half     L  the  iet,il  thutno*, 


of 

the  uPIh*(  and  Lowirr  double  header- 


Uhat  structural  member^  are  framed 
between  the  hip  and  valine  raf tiers'1 

1,  VMlev  crippje  jacks 

2,  Hib  ia^ks 

1,  Hip-vallev  c  ripple  ).n 
i  ,  \\t  I  lev  J*j(  ks 

When  vou  usi>  the  framing  square  shown 
in  figure  M>-8>  what   is  the  unit  length 
'>f  a  !i ± i>  jack  rafter  whiih  is  bp 
spaced  24-in,  on  center  -if    i  mof  with 
a  V-  tn,  cut  ^ 
1  ,  19,23  in, 
>.  2HA)it  in, 

3,  hi, 

r.na  in. 


Assignment  12 


ftoof  Framing  (Continued):    Exterior  finish 

Textsook  Assignment:    Pages  10-20  thrown  10-31  and  11-1  through  11-28. 


Learning  Objective  (Continued) : 
Identify  the  use  of  rafters  and  the 
terms  used  in  conjunction  with  them 
Textbook  pages  10-20  through  10-27. 


^    When  figuring  the  length  of  hips,  valle>s, 
or  hip-valley  cripple  jacks  knowing  the 
centers/  you  should  use  the  difference  in  the 
lefcgth-of-jacks  table  on  the*  framing  square. 

1*1-1.    What  is  the  length  of  valley  cripple 

No.  14  shown  in  textbook  figure  10-31? 

1.  4  *imes  the  length  of  jack  No.  8 

2.  2  times  the  length  of  jack  No.  7 

3.  4  tunes  the  difference  in  length  nt 
tne  jack 

4.  Each  of  the  above 


12-3.    Which  of  the  jack  tafters  -shown  in  text- 
book figure  10-31  will  nave  a  shortfumg 
allowance  of  45  degrees  on  both  ends  of 
the  rafter? 

1.  1  and  14 

2.  2  and  13 
J.  l  and  7 
.1.  4  ar.J  S 


12-4,    When  marking  hiP  jack  side  cuts  whicn 
have  a  unit  rise  of  JO  in./  and  placed 
16  in.  on  center,  at  what  points  should 
you  hold  your  framing  square  on  the  edge 
of  a  rafter7 

i.  Face  up  holding  12  on  the  blade  And 

9  on  the  tongue,  marking  the  side  cut 

line  along  tne  blade 
2*  Face  up  holding  12  on  the  tongue  and 

9  1/4  on  the  blade*  marking  the  side 

cut  line  along  the  tongue 

3.  Back  up  holding  12  on  the  tongue  and 

9  1/2  on  the  blade,  marking  the  side 
cot  line  along  the  tongue 

4.  Back  up  holding  12  on  the  tongue  and 

10  cn  the  blade,  markup  the  side 
out  line  along  the  blad*- 

12-5*    The  methods  used  for  calculating  the 

actual  ridge  length  for  a  nip  roof  are 
dependent  on  how  the  rafters  are  framed 
against  the  ridge  at  each  er.d* 

By  which  formula  should  you  fi^urp  the 
actual  length  of  a  gable  dormer  rid^e 
with  side  wall*,  usjng  the*  long  and 
short  valley  framing  method? 

1.  Length  of  tt-e  dormer  side  wall  rafter 
plate  Plus  total  run  minus  the  short- 
ening allowance  at  the  main  roof  ridge 

2,  Length  of  the  dormer  side  wall  rafter 
plate  plus  total  run  01  the  dormor 
minus  the  shortening  allowance  of  the 
long  valley  rafter 

L  Length  of  the  dormer  sid<*  wall  rafter 
]  late  Plus  total  run  of  the  dormer 
minus  ih<*  shortening  allowance  of  the 
^ader 

4.  Tot^I  rur.  of  the  dormer  mjnus  the 
shortening  allr>i,anc<-  of  the  header 

12-7.    What  should  bt-  the  difference  in  *eight 

of  the  two  wails  shown  in  u-xtL-jok  figure 
10-  J?  when  t  he  total  run  r  f  *  jommc-. 
rafter  equals  JO  It? 
K  Ut  G  in. 
1,  4  ft  2  in. 

3.  4  ft  3  in. 

4 ,  r>  ft 


How  many  numbered  jacks  shown  in  textbock 
figure  10-31  will  be  cut  to  the  1 tne 
length  of  3  ft  4  in.  with  a  unit  rise  oi  \:-b* 
9  in.  and  placed  on  center? 
1 .  Two 
2*  Threp 

4.  Five\ 


?'>- 


12-£.    To  get  the  lower-end  cutoff  Angle  of  shed  12-16* 
'iorroor  studs,  you  set  the  square  on  the 
stud  to  the  cut  of  the  main  roof;  to  get 
the  upper-end  cutoff  Angle,  you  set  it  to 
the  cut  of  the  dormer  roof* 

According  to  the  layout  shown  in  textbook 
figure  10- IS  (3).  the  location  point 
where  the  long  valley  rafter  intersects 
the  main  ridge  is  equal  to 

1,  9+C 

2.  &+C-A 

A+B-C  12-X7. 
4.  A+B 

12-lo.    What  should  be  the  actual  length  of  the 
collar  tie  for  the  gable  roof  shown  in 
textbook  figure  10-39  with  a  unit  rise 
of  1G  inches  and  a  46-inch  drop  from  the 
top  edge  of  the  ridge  to  the  f*op  edge  of 
the  tie? 

1.  9  ft  2  1/8  in. 

2.  *  ft  7  H6  in.  12-lb. 
),   L  ft  2  N  ir.. 

4*    lu  ft  b  V*  ifl* 


Learning  Objective:    Describe  types 
of  rot>f  truss*.-**  and  name  their 
r  parts.     Explain  procedures  in 
fabricating,  handling*  and  erecting 
wood  trusses,    Textbook  images  10-- is 
and  13-**. 


In  answet  mg  item**  i —  1 1  through  12-14,  refer  t^ 
textbook  fwure  Vj-41*  and  select  from  Jolumn  B 
the  phrase  whi^f,  b*  rates  m*-  *erm  in 

column  a. 

b .  Hira**e** 


i.     Vtrti  j!  bra'ing  and 
fnnvctifW  meni/**r 

'  un&ists  of  rafter;; 

uin  centers 
4.       *  iJ  ijw  ;r,is{ 


4    ftrj  t 


When  4-penny  nails  are  u  ed  on  gussets 
of  light-wood  trusses,  what  naijin<7 
sequence  is  used? 

1*  one  row*  2  in*  apart,  1  1/4  in,  from 
the  edge  of  the  truss  member 

2,  Two  rows*  2  in*  apart,  1/4  in,  from 
the  ed<;e  of  the  truss  member 

3,  Two  rows,  3  in,  apart*  3/4  in,  fron 
the  edge  of  the  truss  member 

4,  Two  rows,  3  in,  apart,  1  1/4  in,  frora 
the  edqe  of  the  truss  member 

Trusses  should  always  be  stored  in  the 
upr lght  position. 


Learning  Objective,    Recognize  the 
recowsne nded  procedures  for  roof 
fraroing  erection.    Textboofc  pages 
10-29  through  10-31 , 


At  what  point  in  the  framing  of  a  gabled 
roof  ar<j  the  rafters  for  the  second 
gab'e  end  erected? 

1,  Immediately  after  the  erection  of  the 
rafters  for  the  first  gable  end 

2,  After  the  rafters  between  the  first 
and  second  gable  ends  have  been 
.filied  in 

3,  Iitunediately  before  the  ridge  piece  is 
hoisted  into  position  for  nailing 

4,  when  one-half  of  the  rafters  between 
the  first  and  second  gable  ends  have 
been  filled  in 

In  roof  framing,  what  ara  l£-penny  nails 
used  to  toenail? 

i,  Valley  lifters  to  plates  and  toenail 
valley  rafters  to  ridg^ 
ilij    jacks  to  common  rafters  and  nail 
Cillai  b^ams  to  common  rafters 

3.  Valley  rafters  to  ridge  and  toenail 
hil    iacks>  to  hip  rafters 

4,  Mil    jacks  to  hip  rafters  and  nail 
collar  ties  to  common  rafters 

If  a  roof  projection  is  required,  th«* 

sheathing  boards  most  be  long  enough  to 

spdii  how  many  rafter  spaces"- 

1 .  une 

2  Two 

J.  Thr^e 

4  .  F<jur 


Le-drr.inq  Objective      identify  u^e* 
uf  various  typ^s  uf  roof  sheathing. 
Textbook  p*qes  11-1  through  11-3. 


?3 


73- 


1^-21.    Plywood  sh*athmq  is  IJESS  dfcairable  Chan 
wt,od  sheathing  because  *t  does  NOT  pro- 

vi^  the  desired  br^ing  effect  that 
diagonal  wood  ah^Jtfwnq  provides. 

1*-**.    Board  roof  sheathing  normally  falls  m 
wr  x*h  of  'tbv  f ol  lowing  ,<itPtior^^  7 
1 .  Shi§»lapped 

„  .  Matched  ton^w?-  ituI— if\  ove 

) .  squar<_—  odged 

■4 .  Each  of  the  dlxvv 

i*-..*.     ta  h  L^jrd   is*.-d  fcr  <fi*athApq  rous-  j*' 

iU^vorti^j  t>        IXA^T  JwiJ'rf  rwn>  rafters.' 

1  .  Olle 

* .  Two 
«.  Thr<- 
4.  f\n.x 

1»W*J.     In  relation  ti-  the  rafters,   in  *^hdt 

direction  should  U>e  'Jr-Jjn  of  i  ly- 

w>>d  sheathinq  run; 
I .  ivrt-eadi'.  ul.u 
,% .  I'aral  u-j 
i    :  i  ja^;.a  1 


12-29,    What  xs  the  narae  given  to  94b  le  cornice 
trim  used  on  a  structure  that  has  a 
gable  roof  with  an  open  cornioe^ 

1 .  Crown  Avoiding 

2.  Rake  noldinq 
S.   BrKl  JX>ldin<? 

-J.  Plancier  molding 

Before  an  <spen  cornice  <  an  be  instructed, 

what  must  you  do  to  a  build*na? 

i.  Apjly  building  paper  in  a  horizontal 

d:re<,tion  to  the  conj  loto  wall. 
J,  Cut  and  appl  /  building  j^vr  to  the 

sheJthino  that  i, ^  fitted  around  tne 

rafters , 

3.  Aipl;  *,rcosote  to  all   freshly  .n;t 
rjf-cr  ends-. 

Along  eave  lines  where  in-  dams  mi<3ht 
occur,  what  type       roll  ro^fin^  is 
rocoiwnended? 
1.  lS-lb  felt 

i9-lb  smooth- surf ace 
J .  4b-  lb  smonth-surf  jce 
■4.  4/,-ib  mineral-surface 


»-XT*I:d   tt^ond   tfif         1  Wj  ;  1 sr-t>u*  3  Sf 
»t   L£A^T  ^.jv  piai.>  mfW'T'. 
L.  fiVt- 

i.  Tn>+*>' 
4  Fai 


L*'jrj4i:,j      ;<>  ti'.v-     I  lent  if  /  tt*v 
"  ,j       an  i  j>ort*-   jf  ?  h<   me^ri^  >f  t 
■*tr.ir_tiM  jj  4  u. Mailing  .orr.i 
T».-xtl>'  k  £a?e^  U-S  through  11-^. 


ijn.ttti,  *:.uh  of  th->  foiln^mq  ty^-^ 
iiaji^  oj  screws  jr**  |rrr^rr*dJ 
i.   ^ivanjtz<?d  only 

3 .  Aluttifium  ^nl  ? 

1  mir.jn 

rt(rlit  .art.     I    t   14JL»44»  r^  f  jr'ji^  ^ 

t  f  ?  ';i.d  ■  - x  i  +  j  , ;    .  r.    in  ^|  w<*r^!  ^  I  .  t  *'  - 

-  .  J-\r 

t    \  iv  f       it        >  K1    ■  Vi-rna:.-f,  wL.i* 
:  ,r>  k    / 1       r;.  i       i  ^  j.f  rnuil  j  v  ysi'l ? 
1       \  *;* 

.  -  I  c  ■ 

^         1  r,*-  J 

4       -i",  : ' 


Wt.on  i.  onst r uc t  inu  j  t  Icst-d  I'tini^e*  whdt 
*>tiould  you  do  aftt-i  naiKn<J  tb^  fascia 
into  f osition/ 

1.  Cut  and  nail  tho  lookouts  m  tldco- 
Cut  Jnd  naj 1  the  frieso  m  jIjco. 
^ut  and  nail  the  pidncie*  \n  j)l<icc. 

-i.  Cut  4Tid  ^<iil  the  (tvoidinq  in  place* 

V/>  i^rate  and  wide  cornicf-  (ivi-rbdn^s  have 
fehuh  of  the  following  jdvjritac?es  ovt-r 
Ti  ir  r<jw  overhdng^  and  closed  rjk^**.* 

Usw^r  t-axnt  .Tvimtonanc^ 
J,   Better  *=  l dewa  1 1  prote  ti' t% 

B<jth  1  jj^J  2  *ilx>vr 
■4  .   Lwtit'Z  v  (j-j  t 

Wh.it  frarivnq  unit  i^-  jj^rmaji,  u^t^  for 
-*  *de  ^abl*f  txterihior.s  of  2  f^.^t  ot  more? 

i .  Ttt-i : 

^  .  ^idd<T 

i .  r^ittiL  e 
■4 .  stair 


L*"jrnin4  '.lbj*fC<.*vt-,     Id^rit^fy  r  r^- 
^'/f  es  and  cbtsra^  tori^t  K  ^  of  r.^f 
'jv*>rin<H  jr*d  the  S-  roc  <*duros  fol  - 
l^wod  in  laying  then.  T^Xtb;k 
pa4«s  11-10  throuah  1J-13. 


t.  d  flit  roof,  what  t  y|  * 
mcj  is  rormally  ust*d^ 
1 .  Asf  halt  shingles 

Sheet  ffOtJl 
J    Wood  shingles 


ERIC 


12* 


i-;-4 . 


Which  of  the  following  is  a  purpose  for 
using  roofing  felt  over  sheathing? 
1-  To  provide  a  secondary  barrier 

a^aiASt  wi.nd-dnven  fain 
2.  To  protect  shingles  against  the 

effects  oi  resinous  materials 

released  ffotr  the  sneathxn*? 
K  To  keep  the  sheathing  dry  until 

shingles  are  applied 
4.  Each  of  the  above 

when  allowing  for  a  4-xhch  overlai  ,  how 
many  rolls        ;S-lb  felt  will  you  rviJirt? 
to  cover  Ij^jj        ft  of  rcx^f  sheathin*^ 

1 .  ^ne 

2,  Two 
Thr-* 

4,  Five 

In  aptlyin^  asphalt  samples,  how  far 
pasi.  the  ^d<;v  luiifc  of  th*  roof  should 
you  extond  the  first  course  to  prevent 
water  tro*n  U  bnt;  u|    i^.der  the  shingles? 


>  i  r  . 


F^r  * 4" if iv  A"  i-  ^n  i  rftJ^xi  shin^l*  ^/  t  h*L 
r  e  c^mptend  t?d  rrtixinum  »_'Xj*>-!'jrt*  how 
many  mv  he$/ 

4.  N 


**hiK*1  ;  ^-vt   i  ;<it.  i  'ii  liff^srb 
♦food  shindL*?  * \  j t 1 '  i*  1 1 :  Fi  *v 
shakes  re^uir^ 
a .  shorter  ndi  1  s 
J*  exposure 
i,    xji  utiderLayi&ei  *   b^twt^i<  v«i  t 


the 


12-43,     In  built-up  roofingr  which  of  the  fol- 
lowing types  of  building  felt  is  used? 

1,  Coal  tar 

2,  Asphalt 

3,  Glass  fiber 

4,  Each  of  the  above 

12-44.    tfhxch  of  the  following  *s  a  function  of 
the  aggregate  on  a  built-up  roof? 

1,  To  protect  the  bitumen  front  sunlight 

2,  To  mCi  ,ase  wind  and  fire  resistance 

3,  To  permit  use  of  a  thick  surface 
coating  of  bitumen 

4,  Each  of  the  above 

12-4 fj.     After  the  building  paper  has  been  tacked 
down,  you  are  ready  to  start  the  buxlt-up 
Tnofmu  job  at  the 

1.  center 

2,  eaves 

i*  toi 

4,  dorm+*r 

12-4f>,    Tne  first  two  layets  in  a  fivt-ply  roof 
are  referred  to  as  th«;  dry  nailer, 

J2-47*     in  a  S-ply  built-up  roof/  what  are  the 

respective  widths  4n  inches  of  the  first 
1  EjlVs  receiving  binder? 

1.  10  2/3r  21  1 'J,  )2 

2 .  32,  It,  3*' 

4,    *6r    10  y  2/ '3 

U-4H,    The  distance  maintained  between  the 
i^jj  pt-r  and  the  felt  layer  should  HOT 
be  mtiro  than 

i.  y  ft 
i.  "  ft 
i  ft 

4.    >  ft 


12* 


Whan  !■>  tm*  rv*st  ^miu/n  ty^e  of  rii^t- 
js*J  on  an  asp^j^.    mnfli-  r  of,' 

^  1     ShfVt    PYntvl  ^ 
J5  .     fit  ^  ijj 

4.  Tin- 


arid  tm?t hci  > 
r    f  m<j 


>ed  f  .t  Lull*  -  j; 


r  -if  , 


ft  It 


r  dl  t  r 


Lvarm r<l  objective:    Point  out 
procedures  in  operating  and  main- 
taining the  asphalt  heating  kettle, 
lextfcook  pages   11-16  through  11-19, 


I*-4»,    The  first  duty  of  the  settle  operator  is 
to  insure  that  the  kettle  is  perfectly 
dry  before  addins  binder  and  lighting 
the  burner  unit- 

K-h Prior  to  lighting  the  burner,  how  much 
iir  \  re^sure  should  be  pumped  into  the 
turner  fuel  tank? 
1 ,  i S  to  20  psi 
to  30  i  &i 
K    lh  to  40  J>S1 
4  .  r     t^.        j. si 


12-51 , 


To  br>n$  chc  pump  and  pipes  up  to  opera- 
ting temperature  for  full  ctrcuUciont 
liow  ion<?  should  the  appropriate  valves 
be  in  the  No.  2  position? 

1 .  1  mm 

2.  2  mm 

3.  3  mm 

4.  -1  nun 

While  in  the  process  of  securing  the 
asphalt  heating  kettle,  there  :s  NO  hv$+. 
time  to  fl^sh  out  the  pump  lines. 

In  caring  for~3the  kettle,  the  operator 

is  responsible  for  taking  which  of  the 

following  steps? 

I  *  Checking  for  loose  bolts 

I.  Keeping  the  unit  clean 

Checking  engine  lubrication 
4.  Each  of  the  anove 


Lsrarnmg  Costive:  Identify  ty^es 
^f  o^tstde  wall  :overirgs  *nd  thou' 
ase£.     Textbook  ;  ag<^s  U-*£)  throj^h 


^::.5id«red  essenti  *  I  ^-v/,  i      dy  ; 
*  ^ — - 

;.  Fre^  jf  warpa-i*   p 

.  Easily  wufKabl'.' 
V2od  i  a  in  tabil  I*..* 
4.   Eash  of  the  above 

Compared  to  flat-grain  sum;*  v*??*i.*l- 
drain  hiding  is  less  subject  to  seasonal 
movement  £rou<*ht  on  by  changes  m  mois- 
ture content .  *-* 

Of  t^e  following  ho**.-;tfntal  siiing:>, 
whicn  can  bs  obtained  with  either 
shipiaP  rjt  ton^ue-and -groove  *%dges? 
i .  Bevel ^ 
«■.  Drop 

3.  C*>ily  Varder, 

To  prevent  shrinkage  of  t&e  tengue-ind- 
^roove  siding  joints,  the  ed^es  should 
be  treated  with  a  water-repellent 
preservative  before  the  sidir.3  is 
inst-ali^d . 


LW4 . 


If.  tht-»  ir.stai  i.ati  ^r*  of  vortical  bwari 
siding,  the  vesical  nailing  sjace  should 
be  hov  many  inches  on^ertf>r? 

1.  12 

2.  ;e 

3.  24  12- 
■1  4^ 


'Tien  installing  4-  by  n-foot  vertical 
plywood  siding,  which  jf  the  following 
material  should  you  &yt  W       the  3ovrttS 
to  it^ure  roaxipiuift  vdT*.*rt  *nhtJi***s  ^ 

1.  Battens 

2.  CaVlKing 

*  Ifl^ter-rupel  l^nt  pr*M  r/at  ive  / 
4.  AU  of  the  above 


L**armno  <"bjt»etiwj     Li*r;tify  pro- 
cedures used  in  thu  m>f  JlLitum  of 
siding.    Textbook  pa-iv^  IJ-^i 
thiough  lt-28. 


To  prevent  a  uniform  appearance,  siding 
should  lire  up  with  which  of  the  follow- 
in<j*parts? 

Drip  caps  of  ti'f:  dcors  and  windows 
2.  Bottoms  of  the  doojss  i:J  windows 
i*  opposing  eorntrs 
4T  All  of  the  above 

Wht?n  wvod  elding  must  have  a  natural 
fxnishr  what  typo  a*  nals  should 


f*  1  ^r, % riuitv  vjnl> 
fi* j&ihutg  or  1 


lV/r^i  ».v|^-jr*-     ^  h  1*:.  (*t.ai  aiding 
ts  usually"  determined  &y  the  distance 
between  the  -  , 

L.  bottom  of  the  window  si i 1  to  the 
foundation  wall 

cottom  o^  the  ioor  jtri  the  drip  cap 
of  the  dooc 
J.  underside  of , the  window  sill  to  the 
top  of  the  dr^p  cap 

What  wouidVe  the  exa^ct  oxfosure  of 
8-inch  siding  installed  jn  'i  bjil^mg 
vhtre  the  overarll  h^iont  of  its  windows 
is  6S  i^ncJies? 
1:   t  "  u'. 

2.  6  , 

3.  e  3,  I»  J 
^  t  %  ; 

The  tirst  installed  .oaro^  o-  bevel 
hiding  is  usually  VlockM  juf  with 

1 .  bridging 

2.  flashing 

l  *  a  start  in^l  -.tr n 
■1  *  a  ba»  ten 

To  avoid  bott  jotnt^/   i*-        *  'j  >o<1 
practice  to  asf>  lonq  st».ti*->n^  ■  f  si^im^ 
bc*wer.  dr?ors  and  windows. 


7:r.) 


of  the  ftjihjvHiiJ,  whu  h  i+>  considered  a  12*11* 

good  pra^tLce  iti  making  siding  butt 

joints? 

1.  Square  cutting  the  siding 

2.  Dipping  siding  butt  ends  12-72* 
k  Applying  water-repellent  preservative 

after  tne  sidir.g  is  in  l  Llo 
4,  Each  of  the  above 

U-b7.     To  face  nail  10-in^h-wide  drop  siding 
over  studs  (no  sheathing},  how  many 
nails  should  be  used  per  panel  at  each 
stud?  1>73. 
1  *  One  -* 

Two 
3-  Thre»* 
4  *  Four 

12-nc*.     Blocking  for  vertical  sxdtng  without 

^hea^hing  should  be  spaced  at  what  maxi- 
mum distance?         ~  12-7-j, 
I,  12  itj. 

16  in. 
i.  J 4  iu. 
4.  4*  ii  . 

When  lx*atd  jnd  Lar.tAn  v«r?i.*I  ^tdui-j 
beiEW  nailed,  fiails  of  the  to^  board 
should  tene^rat^  the  r*dg**  of  tne  board 
:>r  batten  ^nder^ieatr.* 


Mitered  corners  t>f  bevel  and  similar 
sidings  should  fit  tightly  over  th*r 
full  miter  depth. 

Siding  that  returns  against  a  roof  sur- 
face, such  as  a  dormer,  should  be  joined 
with 

1-  miter  3  corners 
2,  metal  corners 
it  flashing 
4*  corner  boards 

To  apply  wood  shingles  or  shakes  over 
3/S-inch  plywood  sheathing,  what  type 
of  nails  should  you  u^e? 

1 ,  Threaded 

2,  Square 

3,  Round 
4  *  Barbed 

When  applying  wood  shingles  where  the 
"siding  effect"  is  WOT  a  consideration, 
what  spacing  should  yo^  use  to  allow 
for  expansion  during  rainy  weather? 
U  1/16  to  1/8  in. 
2.  1/8    to  1/4  in. 
J*  1/4    to  1/2  in. 


ti'-n-'.     tfhat  t e  of    ort  i'i  covering  ^an  be  usor^ 
■jxth  altnovt  any  kind  of  outride  wall 

i.-  Miter-  joined  sidiiig  boards 

'Vwo-i>x*t  e  corner  board 
J.  Butted  ndmu  boards  covered  wi^h  a 

^etal  -a;  ^ 
4     Alternate    *ign- :  ^.ped  sjhir^J^s 
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Assignments 


SXTERIOj :  FIttlSEj  jcont jnugd)  :     IMTEKIOR  FINISH 

lextboofc  Assignment:     Pages   U-29  through  11-3-4 1  and  12-1  through  12- V\ 


Learning  objective-    Identify  common 
types  of  flashings  and  methods  of 
installation  on  wood-frare  structures. 
>-xthoofc  pages  U-29  through  11-32. 


tl-K    7*   prevent  corrosion  and  detenorat ion , 
what  type  of  nail  should  be  used  With 
coppe r  flashing? 
K  Galvanized 
2 ,  Stainless  steel 

1,  copper 
4.  Aluminum 

13-2.    wtticK  of  the  following  places  on  a  wall 
re  ^uire  flashing? 

L.  Where  stucco-finished  siding  buttr; 
into  wood  siding 

2,  where  vertical -applied  wood  sidinl 
hutts  into  horizontally  applied 
wood  siding 

1.  Where  vertical  or  horizontal  siding 
Lutts  intr>  the  tops  of  rloors  or 
windows 

4.     All  A  th"  above 

13-3      when  applying  flashing  on  rhe  roof 

ridge,  how  far  down  eauj  side  of  the 
ridge  shouli  you  extend  the  flashing? 

1.  1  in. 

2.  2  id, 

3.  3m. 
<L  fj  in. 

1^-4      Whero  metal  valley  flashing  is  used*  the 
minimum  open  width  at  the  top  of  the 
valley  should  be  (a)  how  many  inches  and 
should  increase  down  the  slope  at  the 
rate  of  Cb)  how  many  inches  per  foot? 

1.  (a)  6  in.   (b)  1/4  in. 

2.  fa)  6  in.  (b)  1/8  in. 
1.   (a)  4  m.   (b)  1/4  in. 

^    tA)  4  ^    th)  1/8 


13-S  *    When  vising  shingle  flashing  at  the 

intersection  of  a  vertical  wall  and  a 
shingle  roof,  how  should  you  install 
the  flashing? 

1.  Tnder  the  wall  siding  and  over  the 
roof  shingles  aftrr  the  shingles  are 
in  place 

I,  Over  the  wall  siding  *nd  shingles 
after  both  siding  and  shingles  are 
in  place 

?.  Under  the  wall  sidir.q  ^nd  under  the 
shingles  as  each  course  of  shingies 
is  placed 


Learning  objective:     Identify  various 
types  of  gutters  and  downspouts,  wall 
and  ceiling  coverings,  and  describe 
procedures  for  installing  thum. 
Textbook  pa^es  11-32  through  11-34  and 
12-1  through  12-6. 


13^      Gutters  and  down ,.po«t«s  ar^  normally 

made  of  which  of  iho  following  materials? 

1 .  COppe  r  on  ly 

2.  Aluminum  only 

1.  Galvanized  metal  ^nl> 

4.  rapper,  aluminum,  ana  galvanized 
metal 

11-1.     In  installing  gutters,  you  should  space 
hangers  at  what  intervals  for  {a)  gal- 
vanized steel  and  for  ih)  copfpr  or 
aluminum? 

1  .    Ca)  48  in.    (b)  60  m. 

2,  (a)  4ft  in.  (b)  3^  in. 
^.  <aJ  30  in .  ib)  4fi  m. 
A.   (a)  Co  m.   (L)  4>1  10. 

1  A  16- foot- long  ikrtrti  spout  ^nould  ly> 

^stall^d  with  how  iraujy  ■  >t i a j  «t 
1.  Six 

2  .  Two 

3.  Thre^ 

4 ,  Tour 


I    ^lisalinomont    f  sXud^ 

1.   A  ribbon  »***r  i 
;     A  K  iq*  r 

Which  ihl^y-"        WW  t^"'1  1 

in  h  *dti  ^ 

:  u< 

; .  1  -*  l  1  - 
^  *  I*  in 
4  r,- 


'  if 


1  ' -1' 


1      -  I   jVJT  *' 


i 1  3  1 

t*  > 

t  -  * 

in    tJh' 1  ntt  ' 

t  ■  7 

or  oritur 

it      niiCt  it*  t 
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.      IT  i  t 

<  *  1 

y      1     11. 1 
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i   r  '  i  1* 
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(i  }  * 

■  ;,mt  ^ 
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i 

■  U,*    i  * 

■ill 

H  E  1/  ^'  l" 


,a  f 


1 


To  rrweiit  'UaA^v  ^  g/T  sum 
coener^,  what  materials  arc  ur^l? 

2  .  corner  molding 

3,  Furrinq  strife 

4,  Fla^hm^^ 


pacing  y^u 
u*\i  1 
1  .  8 


,t\  to      1 1  in<;i 


iri* 

.  »  1'  in  - 
4. 

Trior        installation ,  tw>*  lon'j  ^^it,! 
inovt  wul  tanrl  materials  U*  oxi-jm-S 

1.   P  hr 

J,   14  !  r 

1.  24  ;r 

ttfu-n  dl^^ivt-        i^-l  to  install 
j.lyw^l,  tbv  foxuMi  <?to(    Mi  t.H 

i    press  tho  yiywocKl  ijamst  t^- 

J  tar  tlie  tlywoo-1  with  ^  rnH^r  miH-t 
i     j. n stall  quid*  nails 


-,i-T-l*.r  1 !  ^ 
1      1/H  in. 

.         1   ^-i  IT 


fo,   tu-r  I  .r  ^ 


111      1  Tt  .     <>Tlf-'  T 1 1  -t  ' 


1.  I" 


1  i-  j  t  t'r* 


t 

1'  fJ  ^ »  l»   JnJ  ' 

l  ro'ir.'i  ai    >t\  * 

.  Mint  s.'fl*"M^ 

'  f  i  iin.  I-  -  l'-*a^'  ' 


n-21,    Assume  that  the  dimensions  of  a 

coiling  is  16  ft  8  in.  by  10  ft  2  in.* 
when  calculating  the  material  require- 
ments, what  dimensions  should  you  use? 

1.  16  ft  0  in.  by  10  ft  0  in. 

2.  16  ft  8  in.  by  10  ft  2  in, 
J.  17  ft  0  xn.  by  11  ft  0  in. 
4,   18  ft  r,  in,  by  12  ft  0  it  . 

11-24.    Assume  you  have  t*>  lay  out  the  qrid 

pattern  for  a  ceiling.    Th*  matn  tees 
in  the  grid  pattern  should  run 

1.  parallel  to  the  Joists 

2.  at  a  45°  angle  to  the  joists 

3.  perpendicular  to  the  joists 

4.  in  a  crisscross  pattern  between 
the  Joists 

13-25.    How  many  pieces  of  wall  angle  would  be 
required  for  a  room  12  ft  by  4<J  ft? 

1.  S 

2.  8 
J.  ° 
4.  11 

iWf?.     in  wfat  order  should  the  fallowing 
itens  L*r  lnstallt-d? 
A.  Acoustic  panels 
fe.  Cross  tees 
C.  Wall  angles 
: .  Suspcns  ion  wiivs 
E.  ^am  tet?s 

i.  Accoustical  panels,  fir-i'.*^  ttes, 
angle*,  suspension  wire^,  and  jnatr 
tees 

-1-  cross  tees,  mam  tees,  wall  angles, 
acoustical  panels,  and  suspension 
wires 

1 .  Wall  angles,  ^usi^nsion  wires,  mam 
tees,  cross  t*.-es,  and  acoustical 
panels 

4.  Suspension  wir<-s,  mam  tee:>,  cr^ss 
tees,  wall  angles  ant!  acoustical 
panels  .  . — - 


13-27,     The  h.tujht  at  wfi^h  the  wall  angles  ar*> 
supposed  to  be  installed  is  indicated  by 
a  previously 
1 .  cut  cross  tee 
? .  cut  main  tr.e 
l-  ^ut  suspenstitjn  wire 
4.  marked  J^ne 


1W9.    Where  en  the  mam  tee  should  the  first 
tie  wire  be  installed? 

1.  2  ft  from  either  end 

2.  4  ft  from  either  end^ 

5.  At  the  first  cross  tee  connections 
4 .  At  the  center 

M-i™.    When  installed  in  accordance  with  the 
grid  patterns  shown  in  textbook 
figure  12-12,  which  components  require 
the  use  of  splice  plates? 

1.  Aluminum  nam  tees 

2,  Aluminum  cross  tees 
J.  Steel  main  tees 

4.  Steel  cross  and  border  tees 

11*31,     bben  installing  acoustical  panels,  why 
should  you  work  from  several  cartons  at 
the  same  time? 

K  All  the  panels  may  not  be  of  the 

same  dimension 
2.  Every  other  panel  in  a  carton  has  a 

different  edge  cut 
*    Hie  color,  pattern,  or  texture  may 

vary  slightly,  thus  avoid  a  change 

in  uniformity 
*  4.  AH  panels  cannot  be  cut  or  used 

border  panels 

l1-!?.     When  installing  12-incb-s<;uare  ceiling 
tile  in  a  15-foot,  8-inch-wide  room', 
what  pattern  should  you  use  in  terms 
of  rows  and  size? 

1.  13  full  rows  and  two  4-inch  tiles 

2.  IS  full  rows  and  one  6  inch  tile 

3.  14  full  rows  and  one  10-inch  tile 

4.  14  full  rows  and"  two  10-inch  tiles 


Learning  Ob3ective;    .Jdentify  types 
of  insulation  and  descr!H^jmethods 
of  installation.  Textbook Tpfc^s 
12-11  through  12-19. 


IWs.     To  increase  the  resistance  to  heat 
passagt,_  insulating  materials  are 
usually  installed  in  which  of  the 
following  locations? 

1.  Exposed  walls 

2.  Callings 

3.  Floors 

4 .  All  of  the  above 


[}-2*l.     assujw  that  a  nev  acoustical  ceiling 
will  be  installed  K  in,  lower  than 
tte  old  ceiling,    Wt  *t  is  the  minimum 
lenqtp  that  the  suspension  wir*?s  should 
be  cut? 
1.  14  ;n. 

]*>  in 
1.  \*  IH 
X    2'  ir. 


13-34.     Into  which  of  the  following  categories 
ma/  insulation  be  grouped? 

1.  Rlanket 

2.  Loose  fill 
5.  Pigid 

4*  Ml  of  the  above 


1 1  > 


ERLC1 


11-3$. 


13-3" 


1  J-W- 


13- r*. 


What  is  the  primary  function  ot  the 
asphalt  sheet  material  attached  to 
blanket-type  insulation? 
1.  To  resist  water  vapor 
2    To  resist  heat 

3.  To  resist  infestation  of  insects 

Which  of  the  following  methods  may  be 
wd  to  ^stall  loose  fill  insulation? 

1 .  pouring 

2 .  Blowing 

3.  packing  by  hand 

4.  Each  of  the  above 

To  be  effective,  what  is  the  minimum  ^ 
space  reflective  insulations  must  have? 

1.  V4  in. 

2.  1  1/2  in. 

3.  * 

4.6  in . 

jU.id  insulation  may  be  *sed  for  which 
of  the  following  structural  purposes? 

1.  Sheathing 

2.  Building  boards 

3.  Poof  decking 

4.  ML  of  the  above 

Which  of  the  following  substances  is 
Retimes  nixed  with  plaster  in  order 
to  reduce  transmission  of  neat. 
K  vermicuiite  or  perUte  aggregate 

2.  Rock  or  glass  wool 

3.  sawdust 

4.  Shredded  redwood  bark 

To  reduce  the  moisture  content  and 
protect  the  wood  frame  members  what 
lype  of  material  should  be  used  as 
ground  cover  in  crawl  spaces? 
1.  Roll  roofing  only 
2    polvethylene  only 
V.  Both  roil  roofing  and  polyethylene 

[nay  be  used 
4-  Blanket  insulation 


13-43. 


13-4*. 


13-4S. 


n-42. 


Where  houses  are  built  on  .labs  it 
is  good  practice  to  install  a  vapor 
barrier  under  each  slab. 

When  insulation  is  used  without  a 
vapor  barrier,  what  material  is 
normally  used  to  envelop  the  entire 
exposed  wall  and  ceiling? 

1.  Building  paper 

2.  Building  board 

3.  Plastic  film 

4.  Fiberglass 


13-46. 


When  plains  fill  insulation  over 
ceilings,  you  can  insure  a  uniformly 
thick  layer  by  using  a 

1.  screed 

2.  leveling  board 

3.  carpenters  level 

4.  batten  board 

Of  the  following  materials,  «hichi«  an 
effective  vapor  barrier  against  conden- 
sation created  by  dishwashing,  bathing, 
cooking,  or  any  other  source? 
X.  Aluminum  foil 

2.  hsphalt  laminated  paper 

3.  Plastic  film 

4.  Each  of  the  above 

How  are  hip  roofs  ^V^JfSL 

1  inlet  ventilators  along  the  raxe 
"  and  outlet  ventilators  along  the 

2  inleVventilators  alona  *i<&e 
"  ana  ^tlet  ventilators  along  rhe 

soffits  v  >f(,e 

3.  inlet  ventilators  along  tl*  soffits 
and  outlet  ventilators  along  the 

ridQe  * 

4.  inlet  and  outlet  ventilator* 

the  ridge 

The  no*t  desirable  system  of  inlet 
ventilation  on  a  low-pltcnec  roof  is 

the 

1.  triangle 

2.  continuous  slot 

3.  ridge 

4.  wall 


13-47. 


Learning  Objective:  how 
erect  a  given  type  \™ 
to  frame  a  set  of  .tair.  according  to 
the  quantity  of  stairs ,  hexjt  of  the 
risers,  tread  run  and  t*e  drop  of  the 
stair  carriage.  Textbook  pages  12  19 
through  12-24. 


When  you  calculate  the  unit  rise  of  a 
ftairway,  what  is  the  customary  per- 
missible unit  rise  in  inches? 

1.  9 
? 

3.  3 

4.  5 
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FINMH  FLOOR 
S/4"  THICK 


LOOfl  I**  THICK 


13-S2-     m  usin?  the  architects1  role,  what 
is  Che  unit  run  of  the  stairway? 
1-   M  in. 

2.  10  5/16  in. 

3.  10  1/2  in. 

4.  11  in. 

13-51.    What  is  th    total  run  of  a  stairway 

that  extena*  between  two  finish  floors 
that  are  12  ft  3  in.  apart  when  the 
stairway  has  a  full  tread  on  the  level 
of  the  upper  finish  ;ioor? 

1.  12  ft  3  in. 

2.  14  ft  4  in. 

3.  IS  ft  5  in. 

4.  IB  ft  4  1/2  in. 

13-54,     In  stairways  where  the  upper  finish 
floor  serves  as  the  top  tread*  the 
total  risers  equal  the  total  treads. 


Figure  HA. -Platform  stairway 

~      In  answering  items  13-48  and  ]  1-49 
refer  to  figure  13A, 

13-46.    The  total  rise  of  thv  stairway  i^ 
1.  7  ft  S  i/4  :n. 
2  +   7  ft  6  1/4  in. 

3.  7  ;t  1  in. 

4.  7  ft  8  3/4  m. 

13-49,     What  is  the  height  of  the  finish 

of  the  stairway  platform  abow  the 
subfloor  of  the  bwr  deck? 

1.  3  ft  11  1/4  m. 

2.  3  ft    8  1/4 

3.  L3  ft  9  7/8  m. 
4    4  ft     1  3/4  in. 

^      Information  for  items  13-^0  Vhrough 
13-S2:    TTte  vertical  distance  between 
the  upper  and  lower  levels  of  a  stairwell  is 
9  ft  6  1/2  in.  as  measured  from  the  subfloormg 
of  both  levels*     Ttve  upper  level  15  to  have  a 
finish  floor*  and  the  lower  level  1^  to 
have  a  1/2-in.  finish  floor. 

13-50.    what  is  the  total  rise  of  th*  *tairway^ 
I.  114  in. 
114  1/2  m. 

3.  115  in. 

4.  115  1/2  in. 

13-^1.    what  is  the  Tame  rise  of  the  stairway 
to  the  nearest  sixteenth  of  an  inch: 

1.  6  7/16  m. 

2.  7  in. 

3.  7  3/1*  m. 

4.  7  3/4  in 


13-5S.    Assume  that  a  sawed  stringer  for  a 
straight -fl ight  stairway  is  to  be 
anchored  on  the  subfloonng.    if  the 
treads  are  L  1/4  in.  thick  and  the 
finish  flooring  is  7/8  in.  thick*  how 
much  should  the  str:n"er  bo  dropped? 

1.  3/S  in. 

2.  7/8  xn. 

1.  1  1/4  ih. 
4.   2  1/8  in. 

I;  r>fw     Tv  stairway  th^t  consists  of  two  straight 
flight  stairways  set  off  at  a  90° 
angle  to  each  other  and  separated  by  a 
rectangular  platform  is  commonly  called 
a 

I*  cleat  stairway 

2.  change  stairway 

3*  cleat  stairvay  (open  risf  *■) 
4.  straight-? ! ismt  stairway 

i?-r'7t     Squeaking  11  prevented  <*r.  principal 
stairways  by  using 

1.  triangular  blocks  that  are  glued  to 
the  back  of  the  joints  where  treads 
and  risers  meet 

2.  balusters  that  are  glued  into  holes 
bored  into  treads 

3.  balusters  that  are  doweled  or  dove- 
tailed mto  treads 


Learning  Objective:    Identify  common 
typ*>s  of  floor  coverings,  and  describe 
"procedures  for  laying  coverings* 
Textbook  pages  12-24  through  12*30. 


71- 


1  w 


1 w^- 


Vrtiral-qraw  -ood  flooring  genially 
flAt-qrain  we"!  fl  .-em'). 

How  arv  subfloor  U«rl«.  normally  1^1 
over  joists? 

^  ,   L  id  J^r-at 

^  p*?rt*ft  1* f ular 

1,  r.oiw:  or.Iy 
;  4  Vitit  ur.ly 
».  air  fb™ 

4    noiv,,    luit.  an*  air  fl^ 

fict-r  .^Uy  ^»«"« 

'     Ir,ar  ir  f-^  fl™«  *-v*r*l  nnnt. 
-tti-r  t*iv  floor  M«i  J^r-      1  , 

1 .  Pvor  nail 

1"  w*dk  flo<-r  joists 

4riv^  i" !"■  r  11 ' 
in  l-jro  v*    a    tH.  i. 
i  ,    <  >  t  ' 

1,   4'  to 

-»  Mil'1        ,  t 
i  vi;       -uM.r  i  < 
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w0od  block  flooring.  ^ 
installed? 

,     w.th  adhesiws  , 
2    By  first  exfOsin<4         « 1     '  "  ' 

ny  alternating  the  jrai- 

the  M«-vk*. 

>  ,,-it  1-  rfii'it'Wt  t->  41"*  ■ 
P..for.  l.v.-q  r,l-.  or    »  M<  r 

wall-  so  (Mt  thp  lordor  -i-Uhs 
tar.        v^ustud  acor-lmql,- 

'■  f  ,1,.   o-ntor  of  tk- 

1.    ..TM"    '-f    tM    fl'"r    ■'■rtU,q  1 

;        .it-  i,'  or  'l-.or  oi^ianq  wo,  m.q 

t  >warl'  "ir*15^'-  ^U 

...  v    , ,    .  . (  xj       iot'  al  low.iv-  f-r 

i>  1/1*         1/H  1C 

!  *U     9    ■     1/1  M. 

!    t         1  /   r  - 

1       \    .     !       1  - 


1.    '.i  t      1      1*  ^ 
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Assignment  14 


Interior  Finish  (Continued? i  Plastering,  Stuccoing,  and  Ceramic^  Tile 
Textbook  Assignment;    PaGes  12-31  through  12-53  and  13-1  through  13-8. 


14-2. 


14-3* 


14-4. 


Learning  Objective;    Describe  the 
procedures  for  laying  out  and 
installing  readymade  doors  and  door 
frames  including  hardware.  Text- 
book pages  1-2-35  through  12-43. 


14-5*    Louvered  doors  are  suitable  for  closet 
use  because  they 
1*  are  less  expensive 

2,  require  less  space 

3.  allow  vontilation 

4*  are  more  durable  ^ 

14-6*    How  shov]d  hinged  residential  doors  swing 
or  open? 


14-1.  What 

is 

the  sute  of 

a 

typical  main  entrance 

1*  Against  a  blank  wall 

door? 

2.  Toward  the  natural  entry 

1.  1 

1/7 

in.  thick* 

2 

ft  8  in.  wide,  6 

ft 

3,  Both  1  and  2  above  are  correct 

8 

in. 

high 

4*  into  the  hallway 

2.  1 

3/4 

in.  thick , 

3 

ft  0  in.  wide,  6 

ft 

e 

in. 

high 

14-7. 

When  plumbing  and  leveling  a  door 

3.  1 

3/4 

in.  thick/ 

2 

ft  8  in.  wide/  6 

ft 

what  materials  do  you  use? 

8 

in* 

high 

1  ,  Casing  wedges 

4.  1 

3/4 

in.  thick/ 

3 

ft  0  in.  wide,  7 

ft 

2.  wood  shingle  wedSes 

0 

in. 

high 

3.  Wood  shake  wedges 

In  framing  rougn  openings  for  interior 
doors,  what  allowance  is  made  in  the  stud 
walls? 

less  than  the  door  height  and 
less  than  the  door  width 
in.  more  than  the  door  height  and 
more  than  the  door  width 
more  than  the  door  height  and 
in.  Jaore  than  the  door  width 
in-  less  than  the  door  height  and 
less  than  the  doq*  wiotn 


in. 
in. 

1/2 
in. 
in. 
1/2 
1/2 
in. 


door  wiot 


The  edge  trim  around  interior  j&bpr  open- 
ings is  known  as  the  ^ 

1.  side  jarnb 

2.  threshold 

3.  casing 

4.  sill 


What  type  of  exterior  door  is  made  of  thin 
plywood  faces  over  a  wood  framework  with  a 
particle  board  cora? 
1*  Panel 

2.  Flush 

3.  Combination 

4.  Clad 


4.  Hairpin  wedges 

14-8.    What  edge  distance  allowance  is  made  when 
the  casing  is  nailed  to  the  *mb? 

1.  1/16  in, 

2.  1/8  in. 

3.  3/16  an, 

4.  3/8  in. 

14-9.    What  should  you  do  to  a  mitered  casing 

joint  to  lessen  the  chance  of  its  opening 
up  as  the  casing  material  dries? 

1,  Glue  the  joint 

2,  Install  a  wood  screw 

3,  Use  a  slued  spline 

4,  Use  a  wood  filler 

In  answering  items  14-10  and  14-11  *  refer 
9     to  textbook  figure  12-42, 

14^10.   The  recommended  clearance  allowance  at  the 
top  and  at  the  krob  side  of  a  well-fitted 
door  in  the  finished  opening  should  be  at 
LEAST 

1.  1/8  in. 

2.  3/8  in. 

3,  1/2  in. 

4,  3/4  in. 
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14-il. 


14-13. 


The  standard  hinge  spacing  for  an 
interior  door  13  how  jnany  inches  from 
(a)  the  top  and  <b)  the  bottom? 

1,  (a)  11  in,    ih)    8  in- 

2.  (&}  11  in.     <b>     -  in, 

3,  (a>     8  in,     <b)  12  in* 

4.  (a>     7  in.     <b)  11  in. 

Refer  to  textbook  figure  i2-43.    as  you 
stand  facing  a  door*  you  notice  that  the 
door  is  hinged  on  the  left  and  swings 
away  from  you.    what  type  of  door  is  it? 
1.  Left-hand  reverse  door 
2*  Left-tjand  door 

3.  Right-hand  reverse  door 

4.  Right-hand  door 

What  size  loose-pin  butt  hinge  do  you 
for  a  door  1  3/8  in,  thick? 
in.  extra  heavy 


1-  S  _  __ 

2-  S  in.  by  5  in. 

3.  3  1/2  in.  by  3  1/2  in. 

4.  4  in.  by  4  in. 

14-14*    what  is  the  standard  height  of  a  door- 
knob? 

1.  30  to  32  in. 

2.  32  to  34  in. 

3.  34  to  36  in. 
A  .  _  o  to  38  lfi , 


14-17.     Heat  loss  through  metal  window  frames  is 
less  thai>  through  those  made  of  wood. 

14-18.    What  small  wood  members  separate  tt, 
lights  m  a  sash? 

1.  Meeting  rails 

2.  Parting  beads 

3.  Muntms 

4.  weatherstrips 


In  answering  » teas  14-19  through  14-21*  select 
from  column  B  the  type  of  window  that  best 
^oatches  the  description  in  column  A, 

A.     De s c r ip t ions    B.    TyPes  of  Windows 


lA-li1.     Wood  ash  with 
large  single 
light 


1 .  Casement 
2„    Double  huntf 


1'  -20.    Side-hmged  sash    3*  Stationary 
-  usually  designed 

to  swing  outward    4.  Jalousi 

14-2U    Upper  and  lower 
sash  that  slide 
vertically  in 
separate  grooves 


14-15.    To  prevent  scraping  as  a  door  is  opened, 
what  clearance  is  allowed  for  the  door- 
stop  on  the  hin9e  side  of  the  ^oor? 
1-  1/32  in. 

2.  1/16  in. 

3.  1/8  in. 

4.  1/4  in. 

14-16.    Refer  to  textbook  figure  12-51 .  What 
type  of  panic  device  has  locking  mech- 
anisms that  are  mounted  at  the  top  and 
bottom  &f  the  door? 

1 .  Rim 

2.  Vertical  rod 

3.  Mortise 


Learning  Objective:    Identify  the 
types  of  windows  used  in  wood  frame 
structures,  and  describe  how  they 
a*e  installed.    Textbook  pages 
12-  43  through  12-49. 


14-23. 


14-24. 


what  advantage  does  the  casement  window 

have  over  the  double-hung  window? 

1*  provides  more  light 

2„  P'OVides  better  insulation 

3.  Provides  better  ventilation 

4.  Is  easier  to  install 

which  type  of  glass  should  ycu  order  for 
a  hruse  window  3  1/2  feet  square  located 
ir  an  area  subject  to  hi<Th  winds/ 
1.  Single-strength  glass 
iv/uouble-st-enSth  olass 

3 .  Plate  gla  s 

4.  Tempered  glass 

what  type  of  glass  should  you  order  for 
a  huildmg  that  requires  large  panes*  of 
gUss  approximately  1/4-incn  thick? 

1.  Heavy  sheet  glass 

2.  Plate  glass 

3.  Tempered  glass 

4.  Glare  reducing  a  lass 
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Lr.  answering  l  teai£  14-2^  through  14-28*  select 
trcm    Mumr  0  the  tyje  of  glass  that  best  twitches 
r:»*?  li*^,  t  ik  t  i^ik  ti>  „  iiliimrv  A, 


14-31. 


14- 


*4-^ 


t  jr  t-  : 


fti'.-^^t  iiid^    6.    TYies  of  Glass 
1  -    Wire  glass 

HtMt  absorbing  glass 


Two  cr  mors 
^ht**>t  £    f    i  Ki  s  j. 
-  ft  ar^i:  »■.:  ty  a 
1  J-in*  air  t|  a: 


■***  -.fi  -*,f**ered  ai> 
f  tar   i  J  ^>!vlbU 

•f.n  Li-.-* *►  .t  trt* 

rvi  J  .ass  tnat 
l>  hfdigneJ  to 
-X  i  ui^  ^  loft  ioii 

r'*   t 

11  ij  Kis  *  h<_*  ^Li  \  i- 
*     t     it-    ;rL  t  ht 


Insulating  glass 
an— reducing 


14-33, 


14-34, 


14-35. 


*   j.r,   jm!  tn.   inio  t'>  j  wooden  sash 
n*>  t  y.,u  ha/-*  'lia^J  j  ^ealtr  to  jwake  _t 
ft;  J r - tl  a*,  jli  v%orin*rs  arid  fabrication 
r-jt    *  i  -t.\  : 

Uu   i  :f,jJ  jf  qtazma  comfound  on  tho 
:i-jir  for  r_he  gias* 

*  *  i*    »    t*>a -    >f  prist*'  ;  ,unt  on  all 
u*  j.    ur  f  .*'  *  a> 
;     ".*CTHjVf  jli  jLne  osw.iry  projections 
c ;  >n  *  »t*  ±>  i 

I  vf.irB-.tt ;  jr.  for  items  14-JO  and  I4-/1 1 
rnt>f  Buljer  Brown  is  preparing  to 
r  ik     *h*     '  rr-v  r  method  of  cutting  a  g3ass 
i    *  *,j,'iow        r,/&  lonj  by  12  1/4  in. 


Whjt  is  t^r  minimum  e-iaipment  required  to 
i  •  •tf  j^tn  +  hi  s    joh  i* 
^ .  A  :1a cult*  r 

t,  A  jijss  cutter  and  T-square  14-36, 
i*  A  4-,*t  £|Uire  table  ^nd  a  glasfc  cotter 
w  A  4-f*-  vju^ro  tdblej  T-square,  and 
i  l  as*  -uittir 


Having  the  necessary  glasa  cutting  equip- 
ment* Chief  Brown's  next  step  is  to  mark 
a  cutting  line  on 

1,  both  sides  of  the  pane  to  the  exact 
inside  dimensions  of  the  window  sash 

2*  the  glass*  deducting  1/8  to  3/16  in. 
from  the  inside  dimensions  of  the 
window  sash  to  allow  for  irregulari- 
ties In  the  sash 

3.  the  glass  pane*  deducting  1/16  to  1/6 
in,  fron  the  inside  dimensions  of  the 
window  sash  to  allow  for  irregulari- 
ties in  the  sash 

Which  typ^s  of  sash  should  be  primed 
before  the  gla^s  has  been  inserted? 

1.  Old  wood  sash  and  new  wood  sash 

2.  Old  metal  sash  and  new  metal  sash 

3.  Both  I  and  2  above 

What  is  the  lowe.  t  temperature  <*t  which 
it  is  safe  to  glaze  or  regla^e  an 
exterior  sash? 

1,  19°F 

2,  3I*F 

3,  4l°F 

4,  4S*F 

When  mounting  wire  glass  m  a  small 
wooden  window  frame,  you  should  first 

1.  inseit  the  glass  into  the  window 
trame  with  the  wire  twist  in  the 
vertical  position 

2.  lay  a  continuous  1/6-in. -thick  bed 
run  of  putty  on  the  frame 

3*  insert  the  glass  into  the  window 
frame  with  the  concave  side  facing 
out 

lay  a  continuous  bead  of  putt/ 
against  the  Perimeter  of  the  glaas 

To  clean  glass  after  glazing  or  painting, 
what  material  is  recommended? 

1.  Amntorfia 

2.  Mineral  spirits 

3.  Caustic  soap 
4*  Ac  id  solution 


Learning  Objective:    Identify  the 
kinds  of  interior  molding  trim 
used  by  the  Builder.  Textbook 
pages  12-50  through  12-53. 


What  15  the  first  inside  window  trim 
m^rober  to  be  installed? 
1*  Stool 

2,  Casing 

3 ,  Apron 

4,  Stop 


Haroe  t  he  -  *  i  . 

h^ieta*  ir  I. 
K  Base  ,j| 
2.  Cpper  jdj 

4.  fi'-. 


-4J.    Of  the  following  watoiisii,  whi  h  is 
tinder  for  plaster  ta.it  snuail  liJT  t 
rix[*ose<i  to  icvrr*.  ft'ji^tur*     .  n  u*  .  ■ 
1 ■  ForLlanci  >jt^*,:i" 
Lino 

■f.  Contact 


f :  -I . 

14-  ^      what  t  t 
I  .  Butt 


1-1 -4 


:  .3  I. 


>wmi  j  1)-  t;*Tv;  rr&urlbe  the 
pr  ►  .  ■  'i^s  - 1>  iti-i  '.--TJr  ,  cutt  i;*g, 

f  iT  t  i*  j.   in  i  i  m>  if  1 1 1  it  i  lamiriat  v1^ . 


. «  f  j  i  *  r 


St ;  ,  i     ^  t  i , -  ;  l  l~  ;  .  iT '    "      i  Mir  f  *  .  *; 
,<jt*?J  w:  ■  i  t     -*nif^-t  T  you  sh^tii'i 

■*   >.  th-       r:i-*,i->    f  th».*  '.'■ni,¥st  by 
;    ;  i-'.'iH,,.*      i  |        i  3}  ^r  oil  the  ^ur:'»  * 
t  -j-  r,  *rM  5  tf*'-<*  wth  y^jr  fir;^: 

Te     n  f 3'  \  wit:H  Ti  metal 


i  ■■'  i  T  i 
'i,   r  j ■  #* * 


\'t  r  t  ■! 


t  --*»t   OH  the 


,   j  ft) 
r  *     *r    ^  bio* 


strength  ^71^  lutrdnt'^s.  *'h*oh  tyj^  : 
gypsum  base  co^t  pl^^t<-;  ^houM  >  . 
1.  'Aood  fibf^red  without   ^iit-J  lr^r-  t 
-u .  Wood  fibercj  wUfi  1  f.irt    ^if  ^ 
Bond  with  1  p^rt 

i-**4^T    Whjt  substances  ai.ik<*  uf  i^sAntn 
ii^jredicnts  in  qyj-suft  bond  rl,ist*T. 
i.  'Jdlckn^d  (jypcum  cotabincii  with  .L.7 
percent  by  w^iant  or  wrist  ii  r^J 
f ibers 

calcined  qy^sun  tnixcJ  witf,  /  t  i  1 
percent  of  limx  by  we:^ht 
}.    lypswfi  p].ji#tor  with  no  ^^ji-^xj^* 
1.    ^ypsun  .ind  3rdK*^r>  nun'  lui    ^jji  *' 

,     Ti'hich  of  thv  foiJyvi'ij   1*     r.t.-  •ivt 
;  ^inj  f  l^stor  / 

1.  Contains  1  vne  tuit".  v..*  ,ii.r^i^ 

:  l^^ter  wbiir  'JJtvu.i?   ir,<3  :r    .'i  i"** 
it     1  t>jrttict-  h.iruTL"-j 
j  Has  ,\  h:qh.  ]tiiT-  it*/.    T 1  #- 1  J*    *  *h 
:  <sl  isn^  ^  Jtf  at  4? T  ;  r  ^v.  t 

^,      ^itains  riTiclv        ■  ;i  J  -r  T ;     .T    *  t 

-  r      thj  "ji  irr 
-t ,  C  ■  T  .1  j  i  v  T  ■ 1    =  it  :  x  t  nr  t  .  T 

"  ■■  ■   J  ■  Vi,  ■ 


I*  ^  I  in-.*  v.  tdxi"  -      j  ■  i 

L':  ■-^^J'1t.^l  :   r  ,sL  * 

t.4 :oiii  1  Sc#  .  *  ' 
.  .  J  Uy^ 

.    -  if.. 


m    ^  -j^  ■  ^    i  - 

?  tiOH' 


■  .  '   T    *.  ITT t 


^r. 


'I-c  indujo  1  it*v  istr:Ti<jtl 

4,t   ^".t  ilikjJ'J  Titvv  ior  #■ 


14-SO >     Portland  cement  plotter  should  JfOT  be 

Applied  directly  over  what  type  of  valli? 

1.  Exterior  masonry 

2.  Interior  masonry 

3.  Interior  or  exterior,  metdl-lath 
covered 

4.  Gypsum  tile  or  gypsum  Plasterboard 

14-51.    When  the  aggregate  materiU  is  exces- 
sively fine  grained,  why  is  the  plaster 
strength  reduced? 

1*  The  smaller  quantity  of  vater  required 
ruses  the  vatei::cement  ratio*  and 
increases  tho  dry  set  ratio 

2.  The  greater  quantity  of  water  required 
raises  the  cewentiwater  ratio,  and 
reduces  the  dry  set  density 

3.  Less  binder  paste  is  used  because  of 
the  lack  of  space  between  particles 
of  the  fine,  which  results  in  a  weak 
mixture 

4.  More  binder  paste  is  needod  to  coat 
all  particle  surfaces,  which  result* 
in  sufficient  fines  to  close  all 
voids*  and  leaves  a  rich,  but  unsta&ie 
mixt,  -Ft 

H-S2.    Of  the  following  aggregate*  which  would 
be  used  in  plaster? 

1.  Sand 

2.  vermiculite 
3*  j  Perlite 

4*  Each  of  the  above 

14-53.    What  is  the  approximate  dry  weight  of  a 

cubic  foot^f  1:2  gypsum-perl ite  plaster? 

1.  15-25^1b 

2.  30-35  lb 

3.  40-45  lb 

4.  50-55  lb 


14-56*    A  bond  is  effected  betv*>eti  i-iaiit^r  >nd 
nonperf  orated  gypsum  lath  by  the 

1.  sheets  of  fibrous  absorbent  paper 
contacting  the  plaster  core 

2.  expansion  of  the  jypsum  plaster  core 
when  in  contact  with  moist  plaster 

\*  absorption  of  cementitiuus  material 
from  the  plaster  which  then  interlocks 
with  nonabsorbed  particles  in  the 
plaster 

■4.  absorption  of  particles  of  plaster 
which  interlock  with  jbsorbvd  cfimemi- 
tious  laatenai  fr^tf  *^e  plaster 

14      *    What  type  of  lath  provide:  thermal 

insulation  and  serves  ^  *  vj;vr  Corner? 
1  .  Perforated 
2*  Insulating 

3.  Plain 

4.  Metal 

U-i8.    tfetal  lath  that  is-  rir*  *Xf  and<;d  v*untains 
V-shaped  metjj  strips  for  thi*  purpose  of 

1.  stretching  the  shevt  to  provide  screen 
openings 

2.  furring  the  lath  out  from  attached 
surface 

} .  providing  perforate  <i}e:iirws  of 

various  shapes 
A,  staggering  slits  cut  into  th<;  lath 

In  answering  items  14-59  through  select 
from  column  9  the  type  of  lath  that  best  fits 
the  statement  given  in  column  A. 

A.    Statements  B.__Tyjje$  of  Lath 


14-59.    Suitable  for  all 
types  of  plaster- 
ing 


Stucvo  mesh 
Dianond  mesh 


14-54.    The  reason  for  adding  wood  fiber  to  neat 
gypsum  plaster  is  to 

1.  lower  the  density  of  the  plaster  mix 

2.  increase  its  acoustical  properties 

3.  improve  the  working  qualities  of  the 
gypsum 

4.  absorb  excess  water  used  in  mixing 

14-55,     in  mixing  plaster,  why  is  more  water 

added  to  the  mix  than  retired  for  com- 
plete hydration  of  che  binder? 
I*  Gives  it  more  strength 

2.  Reduces  its  setting  time 

3.  Brings  it  to  a  workable  consistency 

4.  Accelerates  its  setting 


14-60.    Intended  pri-  3.  faper-backed 

manly  for  exterior  diamond  mesh 

plastering 

4.  Self-furring 
14-61  *    Contains  dimpies  di^ncnd  mesh 

which  fur  it  out 
from  the  surface 
to  which  it  is 
attached 


14*62. 


Designed  to  re- 
ceive plaster 
applied  by 
machi ne 


Learning  Objective:    Correlate  the 
name  and  purpose  of  each  type  of 
lath  used  m  plastering.  Textbook 
pages  13-4  through  13-8* 
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14-61.    What  is  the  V^»*  ^  ^»«Ulng  C»*ltl<' 
corners 

to  reinforce  the  door  and  window 

,    ™%rotidc  d:vidin9  «»[>»  ^ween 
pU.wr  *«*  the  *****  °f  ba9°" 

4    ^provide  dividing  strips  between 
plaster  edges  and  the  edges  of  doors 
dfld  window  casings 

w  minimi**  shrinking  V^V**«a 
.round  the  m*t  corner,  of  <*oors  and 
windows,  you  should  iiwtall 
1 ,  plaster  grounds 

expanded  metal  lath  ""^ 
base  screeds 
4,  casing  beads 

TO  assure  that  the  plaster  *U1  be 
wued  *venly  and  to  the  correct  thick 
.L,  what  material  is  install 

1,  Expanded  miAl  lath 

2,  Corner  k*ad 
S,  Door  and  window  rasnri 
4,  Cornerite 


14-66* 


14-67. 


14-b^. 


Which  of  the  allowing  serve  a*  «*£rary 

5  51.  around  window  and 

^         remove*  after  the  plaster  nas 

set? 

1,  Cornerite; 
2*  Corner  beads 

3,  Plaster  ground- 

4,  Lath  strips 

is  -he  reco^ended  spacing  of 
gypsum-lath  nails? 
U    S  in,  OC 
,    e  in,  oc 

3,  9  in,  OC 

4,  12  in,  OC 
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Assignment  15 


*  1      t  MTl  Tli'l 


1  f 


including  th,>  estimating  of 

^ir*-riaU   md  thy  ;>ri>n-dur*^ 

f  r  rnjxin^  jnd  pLu,  :Mt-„(li 


v  t  r  i  j  ■ 


^  ;r<     **U  1  !  Ill,/    ^s  ♦ 


15-1, 


-*  Lim?  plaster  ii^i^i>  1 [H^tv  l. 
t-   Lint*  i  !  i^rt-r  t,-  i  ■  >   h  *  Jr  >*  \I   {  i  . 


i.  i,v 


15-:.       ft        \.M    n-*r,-;  r.  i*  -  - 

<"<Us' 


■1  I  -win; 


Urn* 

■  «>  it  mfid*.  up    *f    ;fnt  (M-iin,N  :>f    ,  »ni!  |T,rJ 
-f  porting  ,  win:  u-  i,ht 

*  1  h 

■  lb 


hv 


^  1:2  la, 
3,  V8  in. 
*■  in. 


c^bl^  13—1   ui  ti-f  t*  -rt*  i,  limine 

'  it  t    ft'  1'(  ui,  tlni  k  , 

L  23 


^.7 


IV>d  c-Cta,,   .it"  ':l  ^'  — -tiK 

s  it.  K»  Mift 
"i    I  ■  *     ^  w  1  * 
*5  tn  2f>  ntn 

„->.rn  u..n*  .-l*.™--;^  f.-r  Pm»r- 
^  plaster  ».x.  v.-o  -HouU  add  ^  - 

the  ifcfcretf.it v  ^ 
1  .      r  1 1 1 1- 
:.  -fid 

*    v* u lit*' 


-sat         h.  v 
^  r.-  I'M)  ^un^   ^  iwte-ii^ 


*,x«iw^  ti~** 


ln   ,   ,wernft  -t^  I^-lb  chough  15^1S;  ^leot 


A. 


U  P  nnt  in*  truet 

3  St  raightedsu' 
♦ .  ^pongt  tK.it 


t     tain  s**irf  ^ *J 
texture 

1^17.     Leveling  plaster 
beCU<M»n  grounds 

,n  3rc-a<t  vU  i  f  the 
reotan^uUr  tr**wol 
wil  I  n^t  f  it 


The  pUsierin*  tool  known       a  f«wiher- 
j.'Jet'  is  used  to  .  , 

1.  rill  v.,-id>  ind  „nooth  lumps  in  the 

?Ustvr  surface 
■     -ut  m  corners  and  shape  straight 
"'  :u<s  at  crn.r  Une,  of  intersection 
u,v-l  appHed  Piaster  oetueen  grounds 
!.  ,trJ«htV«  t«  Ki«  caat  after  roddii* 

s-_        ■     lfV,r„ve         b^nn,  what  to,l  is  n^d 
\    r  r'n  fl  it 


'       It-,  V: 


1  :s 


«.  -run/  i^i^tiv:  Rev^^i^e 


^>    i  »    -^il  rlc**t**rinj?  crew,  whuh  of 
tJe  f^'liwi^  imiividuais  wo^l^  ^  the 

1  t  '.rev    ^  li  T 

M(,Mod  placer  should  b,  -wintiined 
,'Vthin  3  toitr«f        I '8  I""'  -  10 

I    plaster  rigidity  decrees  a4* 

Dla«t''t  thickness  increases 
»    Waster  rigidity  increases  as  plaster 
'      UU^ss  ^creases 

pMster  cenUs  to  crack  as  tb  tftic* 

faster  tends  to  -rack  ^  the  thick- 
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15-2}.     Approximately  how  thii  k  should  th? 

r^t  «  h  ro.it  oi  j  t  hree-<  'iat  gv|>sum 
p  J.**»f  rr  be* 
1.  I ''8  in/ 
2>   J/16  hi( 
t>   i/8  in. 
^T   1/2  in> 

15-2^.    For  L  ime  h^zv  i  .-at  v^-rk,  wh\   is  sddi- 
tl^nal  flo,uni£  required  the  dav  after 
a  brown  co<>t  is  applied'* 
!♦  TV  form  and  harden  the  scratch  i  nat 
2«  To  Improve  the  bond  between  the 

scratch  coat  and  the  brown  coat 
J.  I\-  smooth  and  level  Che  surface 
-* .  To  fill  afiv  Tacks  caused  bv 

shrinkage  ot  the  phister 

IS-2V.    w'hUh  jf  tht  t-'Mowin^  statements 

ipplKable  to  Hie  fV^sprav  >urin>*  >"t 

port  Kind  cement  plaster1 

1.  The,  finish  todt  shouhi  be   IppUed  it 

U\i>t    3  davs  »kff**r  the  brovri  coat 

i  '■>   ippi  led 

Ihe  fjni^h  -  L^it  he  Sprxv- 

.  ored  f  or  *R  h  i'urs  *i  f  t  er  its  app  1  i - 
t  it  JoTI 

fhe  brnvrt  coat   sh^ild  he  fx^-spraved 
fir  W  hours  followed  b<   the  stimo 
tr^itm^nt  f  >r  t_he  s,:r.ttth  cult 
*.  The  iL  r.ir-  h  ^ji  .hnJd  V  f  . 

■*rri*-"vi  fot    '4  h"urs  wJ  the  brown 
it  fo^-s^r ived  f<  r  I'-Mir^ 

>-T^,     A  r.itti  -  "it  pl^stfi  fimsh  is  re  i.H 
i  if  tr-welm?  wht-n-  tne 

1.  *n£i*>s  "r  av^  been  xtr  nght ene .1 
.    Hiii"  f  Jl  e  his  beert  doubl  ed  ba<  V 

s   ikif"    L>sit  Jn'i  been  app!  led 
piaster  begins  t*'  «*et    irvl  thr 
^nf^         b<-*  mes  da!  1 

I       \     fn  rht    t  irjdl  i*t*r»  of  float   finishing,  rti* 

pi  i-.terfr  moves  the 

1-  float  in  i  circular  m^t  i^n  with 
hind  whal-e  -applying  brush  water 
ahead  of  ^v,^  float  with  the  <itber 
hand 

2,  brush  in  i  <  trcuiar  mot  ton  while 
moving  the  fl^t  iramedistflv  ah&i'i 
■jf  Che  brush  with  the  other  h^nd 

^   fl^it  in  a  b-i*  k-an^-forth  motion  vitb 
^n*j  hrtf»fi  w>W  1    movio^  tht*  brush  in  i 
■  ircultir  m<»tiofi  with  the  '>  her  h^nd 
iu-pt  behind  »:he  flo^L 

-V.  bru^h  hi  i  bac*f  -and^f^rth  mot  h>n 
with  .T*  ban<J  while  moving   the  floa^ 

a  ^rc^tnr  mot  i  ^  v\th  the  othtM 
n.nid  Kist  ahr-ad  of  tht*  b-  ->h 


15-2^,     Bv  throwing  i>Ki%t*>r  ou   \  s«rt,«*e  vith 
bru^h,  which  of  the  f'l  lowing  finish 
textures  rcuv  be  obtained  x 
i  .  St  ipple<T 
2.  Travcrt  im> 
3>  LM^h  nvjt 
4  .  IVbbh> 


Learning  Ob  }e*  c  i vt» *     1  A**nl  i  K 
the  composition  of  stticto  5md 
the  pro^ejur^s  for  rtixir^, 
applving,  and  rarJn^T("r  U, 
rex t hook  pape.-  H-J  7  through 
1 


tr>-J^-     Define  vUkod, 

X*  A  c^tnhinj*  ion  of       ^        viml,  jnd 
Wxiter  and  when  applied  rfsemMe* 
i">nrrett7  having  a  haid,  strong,  fire 
resiscar^  surfai  *  vhu  h  re.4- ist^  r  >t 
md  fungus  ii>d  retains  <  >l->r 
\  A  i^mbiiuth^n  of  *rins<>nrv  ivmriit  ^ 
srindt  and  water  and  wht'ii  appl  ieo 
r-'Sfmbles  <'ement  having  a  medium 
hard  suriare  whu  b  re'iuir*-*  frequent 
paintui^  to  prevent  rot  and  ftin^us 
1.  A  ..ombi  oat  i  on        <.*im*iT)tT  sand,  and 
water  and  wju  n  applied  needs  a 
plastic  i/in^  TPaterial  to  act  as  a 
sealer  ir*  preventing  r^i    »nJ  fiii*^u^ 
.  A  r  iiihh  i  iiac  i  on  of  ^as^nr  v  l  t.ment  ^ 
^uid,  and  watt'r  vind  when  applied 
r^stmblo^  a  snunth  h  ird  ^urf  i-  e 
«?h)4*hf    if  tint  pint.1.;   irnrr^di  'Il*1v 
i *  c*>r  appT  i '  ,it  i  n\,  w  s  ]  t   »♦  v  iv  t rx 

!  "i  Ui'Mh  of  t  h*    f  ■  *  1 1 1'WiTit'  t   pr  ^    -f  .  e'ntint^ 

2    r  t 

i< 

li-^l,     Wh*  n  Mihui  lx  applied  ovfr  i>|t'F-frame 
j.oris t  r^f  r  k>ii t  what  step  f1 1  low^  tnv 
ijspl  It  at        <if  the  line  wj  rt'" 

1.  fnstallation  <if  wire  su  sh 

2.  Driving  nails  *ato  th-'  wom^J 

L  App1i,3ti  ^ii  -if  th*   siT.it- h  r  vjt 
,   hist  a  Hat  l'n     f  vat  en  Yf>of  pap*»r 

[     U ,     over  open-f  rame  <  ^nst.  rt^  t  i  >n  v  vhai 
n(|t(s)  of  *-ttk«  i  would  n«*rsi<*llv  htj 
li-fpilrrd^ 

1  *  Strati  h  i-nlv 

2  ,   Hr  ^vii  t-n  i  ^ 

1     f  In  i  -*h  r  n  1  v 

'*  ■  St  rat  i  ti,  ^jr-'V'u    nirf  f  i  n  » ■  h 


^t-  '^uw   ii.   i-i-  *     j  rep  iff  - 

,lir.i.         >,r  fir        ^   *  vou  ^™ 

u  <t  <  * 
1  . 


s   irn*       ^  vjrf^  drov  ™ore 

f.-l  lowinft  f  I  *v  is  i  i  isod^ 


;it^ibilUv  t  *  U 


t  -  i  1  it'll    W   *ftt"  'sf 

ii  >■       i-  ol  at  intor-"*^  r' 

r  lt   ^       tr    r  be  hm'S  ir- 
«.   line  wire  lo  jilvif  tlu  ^o-s^rv 
fl*xibilitv  in  case^  of  expansion 

contraction  a^J  to  «intmi« 
,  ratk>  due  t"  ^ttlin*  and  raove^ent 
nf   th^  buPdlntf  foundation 


rt»xt^  riK  p?lV  s    I  J-**-' 


4^  rtiiv  ^rt-    T  bvirxfeJ   line  and 
^nd  shojid  b-  u.ed  v'th  '  wrw 
Wnt  for  i  fl^'  o.iat        a  »ort*r 

 r  t  i  7i K  f  ■  r  4  cxa^i**  *  ^  v  ' 

;     1  port  W*<'  and  ?  par^  sind 


^-1 


nl,  will   U  laved,  th* 

w.Jtb  of  nrh  <Mrt  ^-.^  «>■!  exited 

i ,  i/i:  in 

;     > / 1^  in  , 


the       in  .  ,  it 
_\   After  ttit   t  -  i  -   l|        '  1     '  '  "U" 

j     ^"l  .  T    t  1  ■     i,  t  it-    1.  iv-  1  ^      '  T  * 


IS- 


v  u  are  n^uv  t'-*    1-nt  t«.-Ti--     ■  T'  ^  1  ' 


1   ,  ■   *T  ttig 

*1J  >l  ^'f 


^>  r    :   t  'tivs 


U^rnln^  Ob^H-rive;     St^te  th<- 
masons  for  painting  a -surface: 
the  tvpes,  cljsractert^tic^,  and 
-^raDo^iciwn  of  paint;  and  the 
^rpose  of  ear1    tvpe   >f  paint 
rexrbcok  pages  l^-X 

An  object  or  structure  l«  panted  for 
whi^h  of  tlu  following  rt^w 

1,  Protection  surfaces 

2,  Sanlta\ton 

3,  fdent  'f  it  it  i  >rs 

t  T    \1 i  of  t  he  ibovo 

lh«  ftr*'ite-«  single  rrou-tive  ■  term  - 
r^ri^tic        p^int  U  its  abllltv  M 

U  ct«alVinR  ana  warping 
v^irVling  and  checking 

vh^t  cvj,e  or  paint  i>  i^^1 

1 .  ^rem i o 
^  fi:*t 
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I5-i6. 


15- 


15-i&, 


Learning  Objective;  Identify 
corranon  pointing  tools  and  equip- 
ment: and  their  iises,  Point 
Out  operating  and  maintenance 
principles  for  spray  painting 
^qu tpca^n*  ,    Textbook  pages 
through  14-11. 


Of  the  Tollovlng  tvpes  of  abrasives, 
which  is  mainly  us*?d  for  rnsr  removal? 
1-  Flint 
2  *  Erne  ry 
3.  Garnet 
Silicon 

When  required  to  do  sotne  fine,  finish 
sanding  on  a  rrapte  table  top,  what  (a) 
type  and  <b)  number  ot  abrasive  should 
y^u  select'* 
K  <a)  garnet  (b)  3 

2.  (a)  aluminum  oxide  (b>  1/7 

3.  (a)  flint  (b)  3 
U)  garnet  <b)  0 

For  5^ndlrt£  between  a  coat  of  shellac 
■*rt*i  a  otjat  of  varnish*  what  gT  *do  of 
3tee1  wool  should  vou  us**? 
.1.1 

?i  * 

3.  3 

lo  obtain  a  smooth  finish  between  coats 
of  finishing  material,  which  of  the 
following  powdered  abrasive**  may  be 
used? 

1 .  Rottenstocie 
1.  Jeweler's  rouge 
3.  Puaice  stone 
.  Each  Of  tht1  above 

Of  th**  following  bristies,  which  tarries 
more  pa  nt  and  leaves  finer  bru^h  uiatks 

op  the      inted  surface0 

1 .  Horseiialr 

I.  Hog 

3.  Squir/el 

4.  rylop 


15-52, 


When  water-based  latex  and  similar 
paints  are  used*  what  type  of  paint- 
brush bristles  is  recommended? 

1.  Oxhair 

2.  Camelhair 

3.  Horses •  * 

4.  Svnthetl* 

For  painting  a  rough  stucco  surface, 
what  type  of  paintbrush  bristles  Is* 
preferred? 
K  Hog 

2*  Camel's  hair 

3.  Horsehair 

4 .  fly  1  on 


In  answering  items   15-5)  through  15-57,  select 
fron  column  B  the  roller  fabric  that  is  best 
fo~  painting  with  the  type  of  paiKt  on  the 
suiface  in  column  A. 


.  1 


A*  Tvpes  of  Paints 
_*  ,  .^PiL.  ferjjee  s  

15-53.     Exterior  Ute*  on  ^ 
smooth  wood  surface 

15-5h,     Interior  latex  on  a 
smooth  piaster 
surface 

15-5%,     Masonrv  sealer  or  .i 
smooth  plaster 
sur  face 

Epoxv  coating  on 
a  rough  concrete 
sv;r  f  see 

Exterior  latex  on 
o  semtsmooth  wood 
surface 


Roi  ier  Fabrics 
I.  Dvnel 

) .  DaC  Ton 
Pol  vester 

A    Limb's  Woo  1 
pef  t 


15*50.    A  :>atn  hrush  thst        intended  t*  be 

uss*d  f  jr  fteehsrd  attwos;v.  ^Sould  be  ;no'Je 
'.-^  ■  either  Ltqulrre;  hair  or 
1*  badger  hair 

2 .  sable  hair 

3.  horsehair 

4.  ho$;  orist  Je^ 


94 
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In  answe-  Lng  U>y  1^-58  thrwmh  15-61,  select 
Sol  c3»»  BWwe  af  .P«v  R.  o  that  W . 
on  the  principle  in  column  A. 


15-66.    Which  of  the  following  «<•  ,o««.nlv 

used  to  ^ix  |»ai«it? 

1 .  Vibrators 

2.  Propellers 

3.  Electric  drill  alt  acfuntot  ^ 
L.  AH  of  the  ate>v* 


A,    Operat  ing 

15-56     Air  and  paint 
are  mixed  out- 
side of  the  air 


15-^9,    To  prevent  build* 
in*  up  of  air  is 
the  Lo*?e,  air  is 
allowed  to  le^k 
from  some  part  of 
the  gun 

iS-fcO.    When  the  trigger 

i$  released^  a  *'*lve 
«huts  off  the  a*r 

15-61.    Atr  and  paint  are 

mixed  iftbtdf  tht*  air 


B,  ivpes  of  Sprav 
(juris    _.  , 

1,  Bleeder 

J,  NonbleeJer 

Extcinal-mix 

4,  Internai-iiU* 


15-6  3- 


1^*  : 


What  tvpe  of  sprav  gun  orates  *t*iiar 
to  an  inaecr 

1 ,  Pressure  feed 

2.  Bleeder 

L  Su<*  t  ioti-feeri 
4,  External-^i* 

uf  the  following  ^prav  sun  parts,  vbM. 
controls  the  amount  *f  spra"  material 
that  pa£M><*  through  the  ^un* 

1 .  Atj  stal 

2,  Spreader  ad j'^tTntnt 
\.   Fluid  need  If 

^ ,  Sprav  h*jad 

rfhat'wrt  of  a  spray  *u»  octroi,  the 
flow  nf  tK-  spray  material  i«  >  the  ..i 

1,  Tnfc£<r 

F  tu  id  tli> 
V:  Spreader-ad j^tfltfnt  v.!w 
^L  St rav-head  barr*  1 

The  .irl">*  ^riv  **hi  w^ti  of  the 
f»lh*vii>ft  adva^t^  *v*r  the  atr-tvre 

I,  less  thinning  required 

> .  !,e*.«j  over  spray  ni^l 

i.  Lighter  to  handle 

U.  Fa<  h  ivf  the  above 
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Assignment  16 


Paint  and  Preservatives  f Continued) » 

Textbook  Assignment:    p^es  14-11  through  14-36. 


16-1, 


lb-}. 


lt>-4. 


16- 


Learning  Objective;    indicate  types 
of  paint  a>,d  finishes  and  the  gen- 
eral char  ac  ten  sties  of  each. 
Textbook  pages  14-11  through  14-H. 


Which  of  the  following  constituents  of 

paint  provides  the  coloring? 

K  Drier 

i.  Pigment 

5.  Thinner 

4-  v^h^cle 


Which  of  th^  following  constituents  of 

paint  acts  as  the  binder? 

l*  Pigment 

'V*  Drier 

3.  Vehicle 

«1-  Thinner 

All  of  the  following  chemical  compounds 
aru  synthetic  resins  EXC  "  T 
X-  napthas 
2.  phenolics 
3*  epoxies 

4,  cMorinated  rubt>*jr^ 

What  .s  the  p^ri^se  of  a  paint  solvent? 

* "  To  3lv«  more  body  to  the  paint 

2,  To  prevent  Mistering  of  the  paint 

3-  To  add  gloss  to  the  paint 

4.  To  adjust         consistency  Qf  the  paint 

To  increase  resistance  of  oil-base  paim 
to  warer  and  decrease  drying  time,  whdt 
r<aterial  may  be  added  to  the  paint  m 
small  amount^/ 
i «  Linseud  oil 

2,  Polyester 

3,  Varnish 

4,  Naptha 

Which  of  the  following  ratios  determines 
the  level  of  gloss  m  enamel  paints? 
1-  Pigment  to  binder 
2.  Thinner  to  .mjmutt 
3-  Vehicle  to  binder 
4|  Binder  to  drier 


16-7. 


lb-8  + 


16-9. 


16-10. 


16-i 1 . 


16-12. 


16-13. 


To  obtain  a  tile-like  glaze  coating  on 
masonry  surfaces,  what  type  of  paint  is 
normally  used? 
1-  Oil-base 

2.  enamel 

3.  Epoxy 

4.  Latex 

In  areas  that  require  frequent  washings, 
what  type  of  paint  is  desirable? 
I.  Portland  cement 

Latex 
J-  Aluminum  J 
4.  Rubbur-base 

Whun  a  can  of  rsady-mi,;ed  aluminum  paint 
is  bulging,  how  should  the  pressure  be 
released? 

1-  By  carefully  removtng  the  lid 

2-  By  carefully  punrtu  *i  tg  the  lid 

3-  By  shaking  the  can  i,i  a  vibrator 
4.  By  discarding  the 

Each  of  the  following  materials  is 
designee  to  obscure  the  surface  to  which 
it  IS  applied  EXCEPT 
vat  rush 
-   2.  primer 
J  *  ename* 
4.  flat 

Which  of  the  folJwmg  types  of  vainish 
is  intended  for  exterior  yse? 

1.  Klat 

2.  Spar 

3 .  Rubbing 
4*  Color 

Of  the  following  material,  which  is  often 
used  us  a  sealant  ovsr  wood  knots  to  pre- 
vent bleeding?  s 
1  -  Lacquer 

2.  Stain 

3.  Shellac 

4 .  Varnish 

Which  type  of  stain  {on'ainK  alcohol  as 
a  vehicle? 
1.  Spirit 

Chemical 

Oil 
4*  Water 


7S. ■> 


Learning  Objective;    Describe  the 
procedures  ujed  in  preparing  sur- 
faces  tor  painting*  Textbook 
paqes  14-14  through  14-20, 


16-14.    TfJhich  of  the  following  advantages  can  be 
gained  by  proper  surface  preparation? 
i.  Minimum  repair 
*    Increased  durability 

3.  £as*?  of  repainting 

4.  £ach  of  the  abrve 

16-15.    Before  removis*g  rust  scale  from  a  surface, 
yev  xaat  also  rerove  which  of  the  follow- 
in*?  sufc.itance^  ? 

1 .  Oil 
2*  Oirt 

J.  Cit&nuv  i  s 

4,  All  of  the  above 

1*>-1*..  WMch  f-ht  the  following  tools  may  be  us^d 
tn  tfje  removal  of  mill  seal/?? 

2.  Vhipoing  ha^r-r 
in  Notary  >cal*r' 

4.  each  V*  thu  aj^  -*e 

l^Pv    Of  thr  fol  .owiM  coruiit  u**is-  >*h*ch  is 

diSack^tfr.*', of  ,  acuurc  blasting  over  ^on- 

1.  :**  creates  a  bi^;*-r  d^t  hazard 
2    K  does  nor,  ali'*w  u&fd^ivtrs  to  be 
reclaimed 

3.  Ic  is  Z^-s&  effic^^nt  on  irregu?,tr 
surfaces 

4*  Kach  of  the  above 

16-1*. -    What  i^  the  primary  advantage  of  vrt 
blast  ing? 

1.  It  red\ ces  dust  to  a  mnmum 
2*  It  results  \n  less  cleanup 

It  keeps  rust  f-om  forming  o^  the 
surface 

16-13-     Both  flammable  and  nonflammable  pair* 
renovers  are  toxic  and  must  be  used  in 
properly  ventilated  spaces. 

16-20,  To  prepare  a  galvanized  iron  surface  for 
pamttn9*  what  type  of  cleaner  is  gener- 
al ly  used? 

1*  Solvent  - 

2.  *fot  alkaline 

3 .  Emu 1 s ion 


16-22.    During  the  process  of  removing  efflores- 
cence from  concrete,  what  should  you  do 
after  scrubbing  with  an  acid  solution? 
1-  Let  the  solution  remain  on  the  surface 

about  10  minutes 
2.  Let  the  solution  dry*  and  then  remove 
the  ef f lcre&cvnce  by  dry  brushing 

1.  Rtnse  it  thoroughly  with  clear  water 
4.  Increase  the  strength  of  the  acid 

s^iutjjon,  and  let  it  regain  on  the 
surface  for  30  minutes 

16-23.    When  muriatic  acid  and  water  are  mixed* 
the  correct  procedure  for  mixing  is  to 
add 

L»  the  acid  to  the  soter 

2.  the  water  to  the  acid 

3.  15  percent  acid  to  85  percent  watf*r 
•1.  half  acid  and  half  wa^er 

16-24.     To  repair  large  defects  in  a  concrete  or 
masonry  surface,  which  of  the  following 
grout  mixtures  is  used? 

1.  Two  parts  mortar  sand.  1  part  portland 
cenent,  1  part  water 

2,  Two  parts  portland  cement/  2  parts 
mo  tai  sand,  2  parts  water 

Thrue  parts  mortar  sand,  I  part  port- 
Jand  cement,  enough  water  to  mak£  a 
putty-like  consistency 

4.  Two  pjrts  mortar  sand,  1  part  portland 
repent*  enough  water  to  make  a  soupy- 
Iike  consistency  for  pourma 

K-2C  >     I'rior  to  painting*  what  is>  the  minimum 

tiinft  that  should  be  allowed  for  a  lepaned 
iJas:er  ijaecn  J  set? 
1  .  1  day 
J  >  ;  days 
3  days 
4,   -f  hr 

l£-26.     Wher  prepanricj  soiled  or  dirty  wood 

surface:*  for  painting*  which  of  the  fol- 
lowing methods  shoulo  you  follow? 

1,  Sweeping,  dusting*  and  washing  ""he 
Surface  ^ith  a  solvent  or  vater  and 
soap 

2,  Bleaching  the  surface  with  a  solution 
of  oxalic  acid  and  wator 

3.  Sanding  the  surface  to  a  uniform  color 

4.  Pretreatmg  the  surface  with  a  wood 
cleaner*  formula  H17 


16-21.     Dirt  ar.d  fungus  are  removed  from  ccncrtjtt* 
and  masoni y  by  washing  with  a  solution  of 
watsr  and 
i,  hot  alKaline 

1.  cdxiision 

2,  tnsodium  phosphate 
4*  efflorescence 


9> 
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16-27. 


E^jfore  painting,  what  is  the  procedure 
iot  sanding  a  rough  wood  surface? 
1.  5*art  with  a  to,  I  coarse  sandpaper; 


follow  up  with  a 
a  ho.  3 

Start  with  a  No. 
up  with  a  No.  2; 
NO.  1 

Start  with  a  Wo. 
follow  up  with  a 
a  NO.   2/0  9rit 
Start  with  a  No, 


No,  2;  and  finish  with 

3  sar.dpape*  ,  follow 
and  fxnxsh  with  a 

2  cGarse  sandpaper? 
No.  1;  and  fimsh  with 

sandpaper  and  finish 


up  with  a  No,  2  and  2/0  grit 


In  answermy  items  16-28  through  16-30/  select 
fron  column  B  the  material  that  fulfills  the 
purpose  )n  colJtmn  A. 


A.  Purposes 

16-2tf.    When  used  on  porous 
wood,  concrete^  and 
masonry*  provides  a 
smoother  finish 
coa  t 


B*  Materials 

1.  Conditioner 

2.  Sealer 

3.  Filler 


16-33.    To  fill  in  deep  pores  in  open  grained 

hardwoods  and  similar  items,  what  proce- 
dure should  you  follow? 

1,  Brush  thinned  filler  across  the  grain, 
immediately  wipe  off  across  the  grain/ 
and  finish  by  wiping  along  the  grain 

2.  Brush  thinned  filler  across  the  grain* 
follow  by  light  brushing,  wait  5  to 
10  pun*  wipe  filler  across  the  grain 
before  it  sets  and  hardens,  and  finish 
by  stroking  along  the  gram 

3.  Brush  thinned  filler  across  the  grain, 
wait  5  min/  follow  by  light  brushing* 
fcipe  filler  off,  and  finish  by  stro- 
king acrosij  the  grain 

4,  Brush  thinned  filler  along  the  grain, 
wait  5  mm  to  10  mm/  wipe  filler 
along  the  grain  before  it  hardens,  and 
finish  fry  stroking  across  the  gram 


Learning  Obiective :    Indicate  the 
tachmques  used  in  mixing  paint 
before  it  is  applied  to  a  given 
surface.    Textbook  pages  14-21 
through  14-23. 


16-29. 


When  applied  to 
chalky  subs  rate?, 
improves  adnesion 
of  water-tased 
paints 

p-events  resin 
exudation  through 
applied  faint 
coatings 


4*    Lat^x  paint 


Before  applying  filler  to  open-graced 
wood,  staining  operations  should  be  per- 
formed and  allowed  to  dry  for  £  minimum 

of 

1-  12  hr 
2.  24  hr 
1-  3c  nr 
4.  4b  hr 

Prior  to  varnishing/  which  of  the  foi- 
folowing  opon-gramed  woods  should  have 
e  filler? 
1,  Beecl- 

Walr.ut 

Maple 
4.  Birch 


16-34.    To  mix  two  package  metall±c  paints,  what 
mixing  equipment  is  recommended? 
1.  Shaker 
2-  Manual 

3.  Propeller 

4.  Each  of  the  above 

16-35.     During  the  paint  mixing  process,  what  is 
meant  by  "bcxang  the  paint"? 

1.  Mixing  it  with  a  metal  paddle 

2.  Mixing  it  with  a  mechanical  agitator 
J.  Pouring  it  back  and  fo^th  from  one 

container  to  another 
4.  Cutting  it  with  a  suitable  thinner 

16- J6.    What  are  the  three  primary  or  true  colors 
that  are  the  basic  for  all  subsequent 
shades^  tints,  and  hues? 

1.  Bluer  red,  and  green 

2.  Red,  black,  and  white 

3.  Black,  yellow,  and  white 

4.  Yellow,  blue,  jirid  red 
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In  answering  items  16-37  through  16-40*  select  16-44,    When  painting  a  bulkhead  that  is  made  up 

from  column  B  the  chromatic  color  produced  che  oj£  vertical  panels  3  feet  wide*  how  do 

the  mixture  in  column  a.  you  apply  the  finish  coat? 

i*  Cover  tlie  entire  bulkhead  with  hori- 
A*    Mixtures  B,    cJuromatic  zontal  strokes*  and  finish  by  using 

Colors  vertical  strokes 

2*  Paint  the  entire  bulkhead  by  using 
1*    orange  vertical  strokes*  and  after  che  first 

coat  dries  put  on  a  second  coat  using 
2,    Carmine  horizontal  strokes 

J,  Paint  each  panel  separately  using  the 
l<    Blue  green  most  convenient  strokes  for  each  use 

4*  Paint  each  panel  separately  by  laying 
16-39*    On*  part  of  red  to  4*    yellowish  on  horizontally  and  laying  off  verti- 

.±rt  of  yellow  green  cally 


16-37*    One  part  of  yellow 
to  3  parts  of  blue 

16-38*    Three  pares  of  red  , 
to  1  part  of  blue 


16-40*    Three  parts  of 

yellow  to  1  part 
of  blue 


16-41.,    Prior  to  its  application  by  roller,  a 
ready-mix  paint  must  be  thinned* 

16-42*    What  is  the  recommended  maximum  amount  of 
tint  for  1  gallon  of  paint? 
I,  1  oz 

2*  2  oz 
3*  3  o£ 
4>  4  oz 


Learning  Objectives    Describe  the 
principles  and  techniques  of  apply- 
ing various  types  of  finishes  and 
paints*    Textbook  pages  U-23 
through  14-30* 


16-43.     in  painting*  what  ts  "layong  on*1  and 
"laying  off"? 

1-  Applying  the  paint  with  a  back-and* 
forth  iftouon  of  the  brush  without 
lifting  the  brush  from  the  surface 

2.  Applying  the  paint  with  long  horizontal 
strokes  and  then  Haying  off)  crossing 
those  strokes 

3*  Applying  the  paint  by  moving  the  brush 
in  one  direction*  lifting  the  brush 
from  the  surface*  and  then  looving  the 
brush  across  the  same  area  in  the 
opposite  direction 

4*  Applying  the  paint  with  a  zig-zag 
motion  of  the  brush  and  then  (laying 
off)  filling  in  between  the  strokes 


16-45*    what  painting  practice  usually  prevents 
brush  marks? 

1*  Starting  and  ending  each  stroke  on 
the  painted  surface 

■>*  Starting  strokes  on  the  Painted  sur- 
face and  ending  ther*  on  the  unPainted 
surface 

3,  Starting  strokes  on  the  unpainted 
surface  and  ending  them  on  the 
painted  surface 

4*  Painting  in  one  direction  only  and 
always  towards  the  unpainted  surface 

16-46*    What  is  the  correct  method  of  "laying  on" 
and  "laying  off",  respectively*  when 
painting  pipes  or  stanchions? 


^9 
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16-47.    tfhich  of  the  following  is  the  technique 
for  glinting  with  a  toiler  in  order  to 
t.yvf>z  large  Areas  where  few  obstructions 
exist? 

1.  Paint  the  large  areas  first  and  cover 
near  the  (Holdings  later 

2.  Faint  the  areas  around  the  moldings 
first  and  then  cover  the  large  areas 

3.  Paint  the  large  areas  with  strokes  in 
one  direction  only 

4.  paint  from  a  wet  area  into  a  dry  area 

16-43.    Wha*  part  of  the  spray  gun  adjusts  the 
width  of  the  spray  pattern? 

1 .  Fluid  needle 

2.  Air-control  screw 

i.  Material -control  screw 
1.  Air  cap  * 

16-49..     Dirt  in  some  of  the  air  por\    of  a  paint 
spray  gun  usually  results  ir 

1 ,  sp  1 1 1  i  ng 

2,  air  ieaJ;s 

1.  uneven  spray 
4.  material  leaks 

Dirt  in  the  material-nozzle  seat  of  a 
paint  spray  gun  usually  results  in 

1.  spitting 

2.  air  leak 

3.  excessive  ait  in  the  mixture 

4.  material  leaks 

16-51.  Pa±nt  leakage  from  the  front  of  the  gun 
is  usually  due  to  a  malfunction  of  the 

1.  material-hose  connection 

2.  air-hose  connection 
3*  air-valve  asseaibly 

4,  mater ial~needle  valve 

16-52.  What  Jts  the  normal  distance  that  should 
be  maintained  between  the  .spray  cjun  and 
the  surface  to  be  painted? 

1.  16  to  20  irt. 

2.  12  to  14  in. 

3.  6  to  10  in- 

4.  4  to    5  in. 

16-53.  prior  to  starting  the  spray-  failure  no 
start  the  sttoke  will  result  in 

1.  dusting 

2.  runs 

3.  ov**rspray 
4  *  blushing 

16-54.    When  spraying  irvside  and  outside  corners, 
(a)  where  should  you  start  the  gun  from, 
and  (b>  in  what  direction  should  you  work? 

1.  ta)  left  tb)  right 

2.  (a)  right  <b)  left 

3.  (a)  top  tb)  bottom 

4.  (a)  bottom  tb)  top 


16-55,    tfhen  spray  pointing  larqe  office  spaces* 
you  should  start  by  painting  door  frames 
and  small  areas  and  finish  by  painting 
walls . 

16-S6.    Which  of  the  following  defects  may  be 

caused  by  moisture  it  excessive  thinner 
m  the  paint? 

1.  Blushing 

2.  Sags 

3 .  Orange  peel 

4.  Pinholes 

16-57.    When  the  color  of  the  previous  coat  dis- 
colors the  finish  coat,  what  defect 
occurs? 

1.  Bleeding 

2,  Peeling' 
j.  Blushing 
A.  Sa9ging 

16-58.    Wlien  the  spray  gun  is  being  cleaned*  what 
method  is  used  to  force  material  back 
into  the  tank 7 

1.  Connect  air  hose  to  hose  cleaner  and 
Pull  trigger 

2.  Hold  cloth  over  air  cap  and  pull 
trigger 

J.  Disconnect  fluid  hos,  and  pull  trigger 
4.  Open  cleaner  valvr.  and  pull  trigger 

16-59,    of  the  following  conditions,  which  is  a 
possible  cause  of  o   ^fective  spray 
Pattern? 

?  .  Dirt  on  air  cap 

Packing  nut  too  tight 

3.  Cracked  fluid  tube 

4 .  Bent  vaive  stem 

16-bO,    Which  of  the  following  is  a  lubrication 
point  foi  a  spray  gun? 

1.  Fluid^needle  packing 

2.  Fluid-needle  spring 

3.  Air-valve  packing 

4.  Each  of  the  above 

16-61.    Jtow  much  paint  will  it  take  to  cover  an 
mtetior  plaster  wall  25  feet  long  by 
10  feet  high  using  a  latex  paint  for  the 
first  coat? 
X-  1  gal 

2.  5/6  ga! 

3.  2/3  gal 

4.  1/2  qal 

A  good  supervisor  should  keep  on-the-}ob 
notes  of  work  perfomed  by  crews.  These 
notes  should  contain  vhat  data? 
1*  The  tyi>e  of  paint  and  coverage  in 
square  feet 

2.  The  time  required  to  ready  equipt&ent 

3.  The  team's  experience 
1 .  All  of  the  above 


100 


Learning  objective :     Identify  the 
con*non  types  of  pajtnt  failures  and 
state  the  reasons  for  such  failures. 
Textbook  pages  14-31  through  14-34* 


16-67*    Cracking  that  takes  place  between  the 
paint  film  and  substrate  is  indicated 
by  which  failure? 
1.  B 
2*  C 
3.  D 
4*  B 


l<>-6).     The  end  result  of  the  <iun's  destructive 
rays  on  a  paint  vehicle  is 
If  peeling 

2.  blistering 

3.  alligatorin<? 

4.  chalking 

16-64*    Besides  inadequate  bonding  of  the  top 
coat  of  paint  with  the  underc    t,  what 
other  cause  is  a  prime  reason      r  peelirq? 
1*  High  surface  temperature 

2.  Improper  surface  preparation 

3.  Inferior  paint 

4.  Improper  mixing  of  paint 

16-CS.    Temperature  changes  that  cause  the  sub" 
strate  and  overlaying  paint  film  to 
expand  and  contract  will  cause 

1.  checking  and  cracking 

2.  peeling 

3 .  alligatonn<j 

4.  blistering 

In  answering  items  through  16-68, 

*      refer  to  figure  26A, 


16-6S*    When  you  aim  a  spray  9un  too  long  at  one 
spot  on  a  surface,  you  will  probably 
cause  which  f ai lure? 
K  A 
2.  B 
3-  C 
4*  D 

16-69*    Failure  of  a  gloss  paint  to  attain  its 
normal  amount  of  gloss  may  be  caused  by 
which  of  the  following  factors? 

1.  Application  in  cold  weather 

2.  Inadequate  surface  preparation 

3.  Application  of  the  pavnt  before  the 
undercoat  has  dried 

4.  Each  of  the  above 


Learning  Objective:     Indicate  the 
factors  to  be  considered  in  treat- 
ing wood  for  protection  against 
dry  rotf  termites,  and  decay* 
Textbook  pages  14-34  through 
14-36. 


B 


16-66*    The  accumulation  of  moisture  under  the 
paint  is  indicated  by  which  failure? 

1.  A 

2.  8 

3.  C 

4.  0 


ln-7ti.    The  amount  or  protection  offered  to  wood 
by  the  use  of  a  wood  preservative 
depends  on  which  of  the  follawin?  ccr;di~ 
Lions? 

1.  The  type  of  wood 

2.  The  moisture  content  of  the  wood 

3.  The  length  of  time  the  wood  is 
treated 

4.  Each  of  the  above 

lt>-7l.    The  ty^e  of  treatment  or  preservative 
that  is  to  be  used  on  wood  will  depend 
upon  the  severity  of  exposure  and  the 
1.  desired  life  of  the  end  product 
2*  size  of  the  termites  encountered 
2*  method  of  applying  the  preservative 
4.  safety  precautions  to  be  followed 

16-72.    Which  ot  the  following  is  a  ^afe  practice 
when  preservatives  are  being  applied? 

1.  Woiking  in  a  ventilated  space 

2.  Avoiding  undue  skin  contact 

3.  Not  rubbing  face  and  eyes 
4*  Each  of  the  above 
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Assignment  17 


Paint  and  Preservatives  fCuntinued) :    Advanced  Base  Field  SUuttures,  Hoavy  Construction 
Textbool:  Assignment:    Pa9es  14-36  through  14-39,  15-1  through  15-22*  and  16-1  through  16-18. 


Learning  Objective:    Explain  how  to 
clean  and  care  for  brushes  and 
painting  equipment.    Textbook  pag^s 
14-36  and  14-37, 


17-L    You  have  stopped  painting  for  today,  but 
you  will  paint  again  tomorrow  using  %he 
saroe  oil-bass  paint*    How  should  you  stow 
your  paintbrush? 

1 .  Leave  it  suspended  in  a  container  of 
paint  so  the  bristles  are  completely 
covered 

1.  Clean  it  thoroughly  m  paint  htinner, 
dry  it,  and  stow  it  flat 

j.  Clean  it  m  paint  thinner,  and  stow  it 
suspended  m  a  container  of  the  proper 
thinner  so  the  bristles  are  covered 

3.  Wash  it  thoroughly  m  soap  or  detergent 
and  water,  rinse  it  in  fresh  wa^er,  and 
hang  it  to  dry 

17-2*    what  is  the  proper  procedure  for  cl^anir 
and  stowing  a  paintbrush  that  is  NOT  to 
used  again? 

1.  Clear,  it  m  the  proper  thinner,  wash  it 
in  soap  or  detergent  and  water,  rinse 
it  in  fresh  water,  han?  it  to  dry*  wrap  \j„ 
it  with  a  protective  cover*  and  stow  it 
flat 

2*  Clean  it  m  the  proper  thinner*  dry  it 

with  a  soft  cloth,  wrap  it  in  wax  paper, 

and  stow  it  flat- 
J.  Wash  it  tnoroughly  in  soap  or  deteigent 

and  water,  hang  it  to  dry,  and  stow  it 

flat 

4.  wash  it  thoroughly  with  paint  thinner, 
rinse  it  in  fresh  v^t^r,  dry  *t  thor- 
oughly, and  hang  it  to  dry 


17-3.     In  cleaning  a  spray-painting  gun*  care 
should  be  taken  to  insure  that  the 
packing  and  lubricated  parts  of  the  gun 
are 

1.  soaked  m  thinner  to  remove  the  pajnt 

2.  soaked  xn  thinner  to  keep  the  packing 
sof  t 

3.  soakeJ  in  thinner  to  replace  the  lubri- 
cant loss  during  operation 

4.  not  soaked  in  thinner*  as  this  will 
remove  the  lubricant  and  cause  the 
packing  to  become  hard 

17-4.    After  a  respirator  has  been  thoroughly 
cleaned  with  thinner  to  remove  paint 
accumulation,  it  should  be 
1*  wiped  with  a  light  soap- and- water 

solution,  wiped  with  clear  frefh  water, 
and  placed  in  a  locker  to  dry 

2.  wiped  with  a  light  soap-and-^ter 
solution,  wiped  with  clear  fresh  water, 
a-d  thoroughly  dried 

3.  wiped  with  a  light  soap-and-watcr 
solution,  thoroughly  dried,  and  placed 
in  a  locker 

4.  soaked  in  a  light  soap-and -water 
solution,  wiped  with  fresh  water,  and 
tncrcughiy  dried 

S.    Do  NOT  use  p^int  remover  to  clean  the 
respirator,  paint  hose,  mixer*  or  spray 
gun,  as  the  corrosive  agent  contained  in 
tne  remover  will  cause  deterioration  of 
this  equipment* 


Learning  Objective:    Indicate  the 
safety  rules  and  basic  procedures 
to  follow  in  using  equipment,  flam- 
mable materials,  and  toxic  mate- 
rials in  painting  operations.  Text- 
book pages  14-3"7  through  14-J9. 


Whi-h  <*f  tj.t-  toEivWina  hoards  i*>  usuall, 
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3.  Health 

4,  Each  of  rh^  Abovf 

* 
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17-21.    Until  ready  to  be  used*  which  of  the 

following  materials  should  remain  crated? 

1*  Girts 

2.  Panels 

3*  Eave  struts 

4.  Brace  rods 

17-22.    Wiat  should  .you  do  to  insure  that  build- 
ing materials  are  accessible  during 
assembly  of  the  Butlerhut? 
1*  Keep  all  building  materials  in  one 
central  location 

2.  Keep  the  building  materials  on  trucks 
so  they  can  be  moved  when  needed 

3.  Place  the  materials  around  the  build- 
ing site  where  they  will  be  used 

4*  Maintain  at  least  50  feat  of  clearance 
between  the  stockpiles  of  building 
materials 

17-23.    High  strength  bolts  used  to  connect  the 
rigid-frame  assemblies  are  identified  by 
what  means? 

1*  A  painted  mark  across  the  bolt  threads 

2,  A  notch  at  £he  base  of  each  bolt 

3,  An  embossed  HS  on  each  bolt  head 
4*  An  embossed  Y  on  each  bolt  head 

17-24,    When  the  side  stringer  of  a  rigid-frame 
building  1$  bein<3  positioned,  the  top 
flange  must 

1*  face  to  the  inside  of  the  building 
2*  be  secured  with  a  1-in.  nut  and  flat 
v as her 

3*  face  to  the  outside  of  the  building 

4,  rest  on  the  floor  joist 

17-25*    The  distance  from  the  center  of  one  floor 
joist  to  the  center  of  the  next  floor 
joist  should  be 

1,  1  ft 

2.  2  ft 
'3*  3  ft 
4*  4  ft 

17-26*    When  laying  the  plywood  deck  for  a  rigid- 
frame  building,  you  should  do  which  of 
the  following  tasks? 

1.  Tighten  the  end  Joints 

2,  Nestle  the  sides  firmly  into  the  steel 
splines 

3,  Position  the  joists  properly  at  atli 
30ints 

4.  All  of  the  above 

17-27.  Once  all  the  parts  have  been  laid  out  and 
checked,  erection  of  the  Butlerhut  should 
begin  with  the  center  frame  member, 

17-28,  When  attaching  eave  girts  to  eave  angles/ 
you  should  fasten  the  shortest  eave  angle 
section  to  the  left-hand  side  of  the  eave 
girt* 


17-29-    During  the  course  of  erecting  a  Butler- 
hut t  when  is  the  framework  first  plumbed? 
1*  Before  the  sidewall  <3irts  are 

installed 
2*  After  the  exterior  panels  are 

positioned 
3*  Before  the  base  angles  are  installed 
4*  After  all  the  brace  rods  are  in 

position 

17^30*    Which  of  the  following  steps  must  be 

taken  before  the  panels  of  a  Butlerhut 
are  installed? 

1*  Install  the  furring  strips 

2*  Install  the  windows 

3.  Straighten  the  <3irts 

4*  Straighten  the  stringers 

17-31*    When  placing  the  upper  and  lower  wall 
panels^  you  must  insure  that  the 

1,  1/4-  by  1-in.  machine  screws  are 
in  place 

2.  upper  wall  panels  are  placed  before 
the  lower  wall  panels 

3*  upper  wall  panels  overlap  the  lower 
wall  panels  for  weather tightness 

4*  lover  wall  panels  overlap  the  upper 
wall  panels  for  weathertightness 

17-32*    Where  should  the  eaves  panels  for  a 
Butlernut  be  installed? 
L  One  row  ahead  of  the  ridge  panels 
?,  Two  rows  ahead  of  the  ridge  panels 

3.  One  row  behind  the  ridge  panels 
4*  Two  rows  behind  the  ridle  panels 

17-33*  The  doors  to  a  Butlerhut  can  be  hung 
anytime  after  the  interior  lining  is 
installed* 

17-34*    What  kind  of  concrete  nails  should  you 
use  to  nail  the  base  furring  to  the 
concrete  deck  of  a  Butlerhut? 
1*  8d  box  nails 
2*  12  inch*  Mo*  10 
3*  1  1/4  inch,  Mo*  9 

4,  3/4  inch/  Mo,  8  flath&ad 

17-35.    After  placing  th£  base,  corneri  and 

gable  furring,  you  should  xnstall  the 
1*  hardboa^d  liners 
2*  eave  moldings 
3*  batten  strips 
4*  vertical  furring 

17~36*    when  installing  hardboard,  you  should 
insure  that  tie  gap  between  panels 
measures 
1.  1/8  in* 
2*  1/4  in* 
3,  5/16  in, 
4*  3/8  in. 
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17-37,    The  Butlerhut  should  be  completed  after  17-44. 
you  finish 

1.  glazing 

2.  assembling  door  leaves 

3.  attaching  battens 

4.  trimming  ridge  of  ceiling  liner 


17-4  5. 


Learning  elective:     Identify  char- 
acteristics of  wood-frame  tents  and 
field-type  latrines.  Textbook 
pages  1S-15  through  15-22. 


17-46. 


17-38.    For  the  flooring  of  a  wood-frame  tent, 
what  material  is  used? 

1.  3/3-mch  fiberboard 

2.  5/8-mch  pressboard 

3.  i/2-uich  plywood 

4.  l/4-inch  tempered  masonite  17-47. 

17-39.    What  is  the  ^pacm^  of  the  wall  and  roof 

framing  members  of  the  16-  by  24-foot 
wood- frame  tent? 

1.  1-ft  OC 

2.  2-ft  OC 
1.  3-ft  OC 
4.  4-ft  OC 


17-48. 


17-49. 


17-40.    When  modified  wrth  a  metal  roof,  extended 
rafters,  and  screened-in  areas,  the  16- 
by  32-fcot  tent  frame  becomes  a 
1-  Southeast  Asia  hut 
Caiibbean  hut 

3.  wood-frame  hut 

4.  tropical  hut 


17-41.    When  two  4-seat  latrine  boxes  are  set  up 

side  by  $x£e,  the  required  pit  size  is  17-50* 

1.  3  by  6  ft 

2.  2  by  6  ft 
},  3  by  ?  ft 
4.  4  by  8  ft 

17-42*    How  many  trough-type  urinals  are  fur- 
nished with  the  tf-seat  latrine? 
1.  0:^ 
1.  Two 

3.  Three 

4.  Four 


How  can  you  help  roake  easy  the  sawing 
of  a  hea1^  timber? 

1.  By  applying  wax  to    he  saw  blade 

2.  By  applying  oil  to  the  saw  blade 

3.  Both  1  and  2  above 

4.  By  applying  thinner  to  th<?  saw  blade 

What  make's  the  adz  a  dangerous  tool? 

1.  it  cu\;s  towards  the  user 

2.  it  removes  large  chips  of  wood 

3.  It  requires  long  swinging  stroKes 
during  use 

what  is  the  sledge  used  for? 

1 .  to  drive  spikes 

2 .  To  drift  bolts 

3.  To  drive  large  timbers  into  place 

4 .  All  of  the  above 

When  you  want  to  drift  heavy  timbers 
without  damaging  them*  which  of  the 
following  tools  should  be  used? 

1.  20-lb  double-face  wood  maol  with 
a  reinforced  head 

2.  16-lb  long-handled  sledge 

3.  16-lb  short-handled  sledge 

4.  12-lb  cross-peen  sledge 

The  remforced-head/  double-face,  wood 
maul  should  be  used  for  driving  bolts. 

what  tool  should  NOT  be  storod  in  direct 
sunlight  or  exceodmgiy  hot  places? 

1.  Sledge 

2.  Crosscut  saw 

3.  Bit  axe 

4.  wood  maul 

Which  of  the  following  tools  ir*ay  yoo 
use  to  carry  timbers? 

1 .  Cant  hook  and  peavy 

2.  Timber  carrier 

3.  Grapple  hook 

4 .  h\ 1  of  the  above 


Learning  Objective:    State  the  pur- 
pose, use/  and  care  of  power  tools 
used  in  heavy  construction.  Text- 
book pagss  16-5  through  16-8. 


Learning  Objective;    State  the  pur- 
pose/ use,  and  care  of  handtools 
and  equipment  used  in  -heavy  con- 
struction.   Textbook  pages  16-1 
through  16-5. 


17-43*    un  larije  crosscut  saws,  the  points  of 

thtf  r^ker  teeth  should  be  slightly  longer 
tt.<m  the  points  of  the  cutter  teeth. 


17-51.    When  pneumatic  tools  are  being  used* 

what  maximum  length  of  3/4-mch-diameter 
airhose  n»ay  be  used  and  still  maintain 
maximum  efficiency  of  the  tool? 

1.  100  ft 

2.  200  ft 

3.  300  ft 

4.  400  ft 


lo-> 


17-52*    The  base  plato  of  the  pneumatic  circular  17-57* 
saw  can  be  tilted  for  bevel  cuts  to 

how  many  degrees  and  (b)  adjusted 
to  cut  depths  of  how  many  inches? 

1.  ta)  30  (b)  1  1/2 

2.  (a)  45  (b)  3  1/2 
(a)  45  (b)  4  3/6 

4.   Ca)  60  <b>  4  3/S 

17-53.    The  size  of  the  pneumatic  chain  saw  is 

designated  by  the  17-58. 

1.  length  of  the  chain 

2.  largest  tree  diameter  it  can  cut 

3.  length  of  the  saw  guide 

4.  horsepower  of  the  motor 

17-54.    The  drill  bit  of  the  pneumatic*  revers- 
ible wood  driil  is  held  in  the  chuck  by 
(a)  what  device  and  (b)  removed  with 
what  tool? 

1.  (a)  wedge  (b)  wedge 

2.  (a)  wedge  (h)  hammer 

3.  (a)  Allen  type  setscrew  (b>  hammer 

4.  (a)  Allen  type  setscrew  (b)  wedge  17-59- 


Learning  Objective:    Describe  the 
procedures  for  operating  and  main- 
taining qas  or  diesel  air  compres- 
sors and  generators.  Textbook 
Images  16-8  through  16-13. 


When  shutting  do^n  tl«tj  <ar  compressor, 
you  should  allow  the  engine  to  cool  by 
closing  the  service  va3ve  and  letting 
the  ermine  idlt;  fur  how  many  more 
minutes? 
1*  1 

2.  5 

3.  a 

4.  10 

Which  of  the  following,  if  any,  is  a  safe 
practice  in  setting  up  a  portable  gener- 
ator/floodlight unit? 

1.  Using  tape  to  patch  a  damaged 
extension  cord 

2.  Letting  electrical  equipment  be 
installed  by  workers  whose  hands* 
clothes,  or  shoes  are  wet 

3.  Placing  extension  cords  where  they 
cannot  touch  or  be  run  over  by 

^vehicles 
4-  None  of  the  above 

To  prevent  burnout  or  the  generator 
field  windings*  the  engine  should  MOT 
he  set  to  idle  with  the  generator 
excited . 


Learning  Objective;  State  the  pur- 
pose and  uses  of  timber  connectors. 
Textbook  pages  16-13  througn  16-15. 


17-  yj.  With  the  following  alternatives*  show 
the  correct  starting  sequence  for  the 
wortnington  air  compressor  in  wajrir.  or 
raila  weather: 

A.  Turn  ioty-oil  pressure  knob  to  ^ 
position 

b-  Turn  ignition  switch  to  START 
position 

C.  Engage  clutch 

D.  Open  service  valve  1/4  turn 

I.  C,  A,  B,  D 

J.  Df   A,  B,  C 

1.  D,  C,  A,  B 

4.  A,  Br  Df  C 


Before  you  operate  the  worthington  sir 
.ompressor,  what  is  the  minimum  oi 
4jressurer  in  p'  i*  that  should  be 
obtained? 

!.   IS  1 

2.  22 

3.  33 
4-  44 


B 


© 
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Figure  l7A-Boltti  timber. 

In  answering  items  P-O  through  17-62, 
refer  to  figure  i?A. 

Distance  A  bhmdd  bu  at  LEAST 

1.  in, 
2-   7  in. 

3.  b  m. 

4.  4  xn. 

Distance  B  Should  t>         i  EAST 

L-  i  in. 

2.  1/2  in. 

3.  1   1/2  )n. 

4.  2  1/*!  in. 


Jjii    'rn.e  C  Should  be  at  LEAST 

i-  2  1/2  in. 

2.  4  1/2  in. 

1l  7  m. 

4.  9  in. 


iebJc 


Figure  17B-Timber  joint. 
In  answering  items  17-63  and  17-64,  refer 
•     to  figure  17B, 

17-63*  When  you  use  two  4-mcn  split  rings  m 
the  timber  joint,  distance  h  should  be 
equal  to 

1.  10  ift. 

2.  8  in. 

3.  5  in. 

4.  4  in. 

11-64.    When  4-in,  split  rings  are  used  m  the 

joint,  distance  B  should  be  MO  less  than 

1,  5  in. 

2.  2  in. 

3,  3  in, 

4.  4  in. 


In  answering  items  11-65  through  17-69,  select 
from  column  B  the  timber  connector  which  fits 
the  description  in  column  K* 


17-65, 


A.  Descriptions. 

Requires  circular 
grooves 


17-66.    Does  HOT  require 
grooves  but  is 
embedded  by 
pressure 

17-67.    Used  to  ]Oin 
round  Logs 

17-6&,  Used  to  join  a 
round  log  to  a 
squared  beam 

17-69-    Requires  the  use 
of  a  high-tensi1^ 
strength  bolt 


5.    Titnb<>r  Connectors 

1.  Single-Curved 
Spike  Grid 

2.  Double -Cur bed 
Spike  Grid 

3,  Toothed  fcing 

4,  Spilt  Ring 


Learning  Objective;    Identify  the 
parts  of  a  given  trestle  and  de- 
scribe procedures  of  erecting 
bents  and  superstructures.  Text- 
book pages  16-15  through  16-1S- 


Figure  l7C-Parts  ^  *  sinqK*-*^ry  tr<^t  lo  bent. 

In  answering  items  17-70  through  17-73, 
^      refer  to  figure  17C. 

17-70,    The  sill  is  labeled 
K  A 

2.  B 

3.  C 
"  4.  D 

17-71,     The  footing  ts  Libelee 

1-  A 

: .  8 

3.  C 
\.  D 

17-72,    The  cap  is  labeled 

1.  h 

2.  B 

3.  E 

4.  F 

17-73.    The  transfer s<*  i:a^n;>i  br^in*i 
labe  led  + 
I.  A *■ 

2-  B 
3*  E 
4,  F 

17-74      If  the  settling  al'o^nco  is  4  tii^s, 
to  what  depth  shcuH  abutmo^L<>  hv  ok.a- 
vat*d  for  a  trestle  vith  12-mch-deiv 
stringers,  3-xr  ch-thick  flooring,  and 
a  3-mch-thick  treaty? 

1.  12  in. 

2,  14  in. 

3.  16  in. 

4,  20  in. 
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17-75.    When  laying  out  the  flooring  members 
for  a  minimum- width,  single-lane 
trestle,  how  long  should  you  cut 
the  planks  that  will  support  the 
handrail  posts? 
1-  17  ft  A  in, 
2,  17  ft  6  in, 
3..  19  ft  4  in. 

<5,  20  ft  A  in>  * 
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Assignment  18 


Heavy  Construction  (continued) ; 

Textbook  Assignment:     Pages  16-19  through  16-52 


18-9 


Learning  ObTectwe:  Identify  the 
types  of  piles  used  in  heavy  con- 
struction and  describe  the  proce- 
dures used  in  preparing  piles  for 
driving.  Textbook  pages  16-19 
through  16-28. 


In  answering  items  lg-l  through  18-4*  select 
the  type  of  pile  in  column  B  which  is  most 
suitable  for  the  situation  described  in  column  A. 


18-10. 


A.  Situations 

18-1.  Where  bedrock  to  be 
used  as  bearing  ma- 
terial is  so  feet  down 

18-2.    Where  exceptionally 

heavy/  vertical  trestle 
loads  are  expected 


18-3*    For  use  a3  bearing  piles 

with  light,  vertical  load* 

l£-4.    For  use  as  a  retaining  wall 


B-     Types  of 
Piles 


Concrete 
sheet 

Timber 

Steel 


^    In  answering  items  18-5  through  18-8, 
determine  which  of  the  following 
classifications  apply: 

1.  The  pii*  is  acceptable 

2.  The  pile  is  NOT  acceptable 

18-5.    The  timber  pile  is  split  but  HOT  at 
driving  end, 

18-6.    A  line  drawn  from  the  centers  of  both 

ends  doe^  HOT  lie  withj*  the  body  of  the 
pile, 

18-7    The  pne  is  21  feet  long  and  10  inches 
in  diameter  at  the  large  end. 

18-0.    The  pile  is  54  f«et  long  and  15  inches 

in  diameter  at  the  large  end  and  8  inches 
in  diameter  at  the  small  end* 


when  a  cap  is  HOT  used  in  driving  timber 
piling,  the  top  end  of  a  pile  is  vrapped 
with  (a)  how  many  turns  of  wire  and 
(n)  at  what  distance  below  the  head  tif 
the  pile? 


1.  (a)  1  or  3 

2.  (a)  A  or  6 

3.  (a)  7  or  9 
A.  (a)  10  or  12 


(b>  4  in. 

fbj  8  in. 

tb)  1/2  diameter 

<b)  1  diameter 


To  prepare  the  tip  of  a  timber  pile  for 
driving  in  hard  soilr  what  should  you  do? 

1.  Sharpen  it  into  the  shape  of  a 
truncated  pyramid 

2.  Sharpen  it  to  a  point 

3*  Install  a  steel  shoe  over  the  t:ip 
4.  Cut  it  off  blunt 


18-11*    wood  pil&s  are  reinforced  to 

1.  increase  their  strength  to  \jhere 
they  can  be  driven  beyond  80  ft 

2.  prevent  the  entrance  of  excessive 
moisture 

3.  restore  them  to  their  original 
strength  after  being  weakened 

4.  reduce  the  cost  of  piling  by  enabling 
the  use  of  smaller  diameter  timber 

18-12.    When  reinforcing  wood  piiesr  what  type  of 
wood  forms  should  you  use? 

1.  Creosoted  flooring  planks 

2.  Creosoted  tree  trunks 

3*  Creosoted  tongue -and-groove  lumber 

18-13,    The  best  method  of  preventing  marine 
borers  from  destroying  timber  piles 
calls  for 

1.  an  application  of  grease-type  preser- 
vatives 

2,  soaking  the  timber  in  a  hot  creosote 
solui-  ion 

3,  pcuring  hot  creosote  over  the  entire 
pile 

4.  pressure  treating  the  wood  with  a 
creosote-coal  tar  solution 
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18-1'U    Wood  iiling  can  be  protected  from  marine 
bore  damage  through  an  application  of 
pre^erv^t  itn   in  the  amount  of 

1.  2S  ^>undb  [tt  cubic  foot  on  Douglai> 
fit  and  2'»  poitnds  per  cubic  foot  on 
Southern  Yellow  Pmo 

2.  2"  [^nds  per  cubic  foot  on  ftmglas 
fir  and  25  poundr  pvr  cubic  foot  on 
Southern  Yell  w  Pine 

1.  25  frOunJi*  [  or  cubic  foot  on  fouglas 
fit  and  Southern  Yellow  Pine 

4*  2^  [*0'*nds  r^er  cubic  foot  on  Southern 
Yellow  Pine  and  fjouglas  fir 

1*W>.    Which  of  the  fol  lwing  materials  can  le 
usod  in  the  pre  ^<  rv.iLion  treatment  of 
timber  pile;;? 

3 .  El  it   r„*i\.<>i,<*t  e 

2.  Pent  achlocopLenol 

3 .  Copj*.  r  napt  henate  bolut  ion 

4.  Ja-h  of  the  alove 

18-lfj.     btee!  iil*.^  tUiMged  I  y  <  ^rroaion  ma>  i*- 
ropaijed  b/ 

1.  tv  HtJLO '<  inij  with  timK:r 

2.  cutting  fMrf.  the  corroded  edges 
i.  clean in  j  and  feather  edging 

4.  whliiKj  fishplates  to  tbe  f lange  >  ami 

Vfrat  m*  t  ho  i       m** -t   commonly  nved  to 
prepait    ,ti  ■  1  pily^  to  take  a  protective 
^oat  ing  ? 

1.  ^:>1bbt  ,t  ji,  j 

2.  Wire  bru'ihivj 
^ .  fliippiKfj 

1 .  [ *\ elrat  in j 

;r.jt*«t        iMl-tjr  tfMtf]  j  il-  from 
rft^t'^inifj,    v.at  mat****  lu  1  :.rhonltl  -'I  i  ust 

1.  J  it,.k<*  \    "1  1 

2.  Kitex  e  *tmt 

<*..    K-i  L<  paint 

18*1*.     The  plat  <  mi  i.t  i-f  h        tbt  iollo^u^j 

ixjtliUnj  piK->  r-^'iniTO*  the  'u  of  <i 
aundr<,  1  ? 


1 .  ,t  -  tii  pi  J*  * 

2.  Precast  <^on  r-  t< 

3.  H-piK- 


■j  i<_tt  pile 
ptN; 


18-20*    when  used  in  waterfront  structures, 
concrete  bearing  pvb  t  are  usually 


1.  cast  in  place 

2.  round  in  cros^,  action 
precast 

4.   longer  than  1<^'  feet 

Tbe  forms  used  in  rt  pairing  concrete 
piling  may        filled  wit*   which  of  the 
following  materials? 

1 .  Expoxy 

2.  ^iout 

"J.   Portland  oito  nt  coijcn-le 
■1.  i  aeh  of  the  alow 

ivlov-the-wati-rl inv  concrete  piling  may 
\to  repaired  by  which  of  tne  fol  lowirtg 
mL-tlods? 


18- 


3.  Placing  the  concrete  in  wooden  forms 
around  the  piling  in  tut.  water 
Placing  the  concrete   m  metal  forms 
around  the  piling  in  tho  water 

3.  Buvldmg  cofftrdairs       the  concrete 
can  bo  placed  under  dry  conditions 

4.  Huch  of  the  at  wo 

Ii,  ortk'r  to  ;n  .uti'  a  t  igljt   jotnt  Ix/tween 
t  iml*  *    i,)«H  t  pjb.  v,  whut  j*.  tEie  stze  of 
th<        A-l  (lit  at  the  foot  of  th\*  pile? 

\M  rt  and  1  n(. 
^.  *r  ^nd  12  iri. 

r  ard  P 
1 .   4  and    *    in . 

Yf"*  t       r-pair  <i  rl<*F*at^  <1    t<  i  1  sheot 
jtlirig  b'/   lom<j  whl^h  of  th*-  following? 

1.   Wvlding  i-lattf?  over  t  hi  Umiqel 
w.jct  ion 

TnM  tting  jtfOodt-n  pl:g-,  i  jit  tht-  hole^ 
*    Poirin-j  a  toner*  t*-  cov«  c  ^ver  the 

djm.itj^rl  :i*^t  ion 
1 .   f \t f  h  *if  (  hr  ahovi 

Tti  i  <>Vi  1 1  iKj  (bmjg^d  ^'.ut  iiling,  yon 
hr ^i  J d  *iwO  a  ^oneret r-  I ^iy<  r    vf  wh<it 

'.  1  in, 
/.    '  in. 


Ll- arii lug  ^ibjt'Ct  i  /u  :     \*  t  vrxl1**  t  u*j 
ope  rat  ing  pi  incipUs        [>}  itj-dr  i  vmkj 
rntTK  ,     Trxtl^ook  \^  >  lf>-28 


18-26.    1*>  insare  that  a  pile  is  driven  in  the 

desired  direction*  what  part  of  the  pile- 
driving  equipment  is  used? 

1.  Auxiliary  support  equipment 

2 .  Hamme  r 

3.  Leads 

4.  pile  bracing 

16-27,    If  the  pile  to  be  driven  weighs  3,600 

pounds,  what  should  be  the  minimum  weight 
of  the  drop  hammer? 

1.  1,800  lb 

2.  3,600  lb 

3.  5,400  lb 

4.  6,000  lb 

13-28.     m  the  single-acting  hammer t  what  is 
the  driving  force? 

1.  Air  pressure 

2.  Steam  pressure 
^.  Gravity 

18-29.     In  the  double-Acting  hammer#  by  what 
means  could  the  ram  be  raised? 

1.  St^am  pressure  only 

2.  Air  pressure  only 

3.  Steam  or  air  pressure 

4.  Cables  or  lines 

18-jO.    What  pile-driving  unit  is  self  contained? 

1.  Diesel 

2.  Drop 

3.  Air 

4 .  Steam 


Earning  Objective:    Describe  the 
procedures  and  techniques  of  placing 
driving  piles.     Textbook  pages  16-32 
through  16-42* 


18-31.     During  pile-driving  operations,  what 

is  used  to  brace  the  foot  of  the  leads? 

L  Telescoping  catwalk 

2.  Sfcid  riq 

3.  Boom 

4.  Bather  pile 

18-32.    On  a  skid-mounted  piledriver,  what 
regulates  side  batter? 

1.  Moonbtam 

2.  Catwalk 

3.  Double-sheave  bracket 

4.  fore-batter 


In  answering  items  18-33  through  16-37,  select 
from  column  B  the  crewmember  who  does  the  task 
in  column  A. 


A.  Tasks 


19-33.    Signals  the  rig  and 
valve  operators 

16-34  -    works  on  the  lead 
laader 

19^35.    Operates  the  air 
and  steam  for  the 
hammer 

18- X.    Operates  the  crane  in 
lifting  the  piles 

18-37.    Bosses  the  rig 


B.  Qce  wmembefcs 

li  Valve  operators 

2.  Hoisting 
engineer 

3.  Signalman 

4.  Loftman 


18-38.    On  a  pile-driving  rig,  which  of  the 

following  crewmembers  may  give  the  rig 
operator  an  emergency  stop  signal? 

1.  Hoisting  engineer 

2.  Valve  operator 
3*  Hook -on  man 

4.  Each  of  thv  above 

18-39.    A  pile  that  resists  an  upward  force 
may  be  driven  butt  first. 

18-40.    Arrange  xn  correct  sequence  the  following 
four  ma^or  steps  in  driving  a  pile. 

A.  Ihe  hammer  and  cap  are  set  on  the 
pile 

B.  T**e  pile  hammer  is  positioned  over 
the  pile  location 

C.  The  pile  is  winched  into  the  leads 

D.  The  hammer  is  raised  and  dropped 
onto  the  pile 

1.  A,  B,  C,  D 

2.  A,  C,  B,  D 

3.  B,  C,  A,  D 

4.  B,  Lt  C,  D 

13-41.    After  a  pile  is  firmly  set,  you  should 
allow  the  drop  hammer  to  fall  a  maximum 
of  how  many  feet? 

1.  9 

2.  12 

3.  15 

4.  20 
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18-42. 


thiguro  18A-Batt  r  pile. 

In  answering  items  l8~42  and  18-43, 
raU-r  to  fiqure  l&A, 

Di^tante  A  is  oqual  to 

1.  1  ft 

2.  8  ft 

3.  0  ft 

4.  10  ft 


18-43,    What       distance  A  if  the  hatter  were 
change  to  3  in  12? 

1.  6.0  ft 

2.  ft 

3.  8.5  ft 

4.  10, S  ft 

18-44,    Timtx^r  fjiles  arc  supported  by  the  leads 
during  cfrivmg,  and  sheet  piles  are 
supported  by  wales. 


In  answering  items  18-45  through  18-50,  match 
th£  cause  or  description  in  column  A  by 
selecting  from  column  B  the  symptom  of  trouble. 


A.  Causes/Descriptions 


18-45,     Inability  to  overcome 
tne  friction  of  a  pile 
being  driven 

18-46,    Caused  by  a  crushed 
pile 

18-47,    Caused  by  the  incorrect 
weight  of  the  hammer 

18-48,    Caused  hy  the  misaline- 
roent  of  the  pile 

18-49.    A  substance  through  which 
a  pile  can  NOT  be  driven 

18-50.  .Caused  by  a  crooked  pilo 


B.  Symptoms  of 
Trouble 

L.  Springing 

2,  Refusal 

3,  Obstruction 

4,  Bouncing 


18-51*    If  circumstances  permit,  when  should  an 
underwater  pile  be  pulled  if  it  has  been 
driven  in  the  wrong  place? 

1.  Immediately 

2.  After  the  earth  aiotind  tht  |iilt-  has 
recompacted  completely 

3.  During  high  tide 

4 .  During  low  tide 

lfi-52,    A  pile  which  is  to       ivuscri  may  tt! 
pulled  by  which  of  tho  following 
methods? 

1.  Direct  lift 

2.  An  air  or  steam  doiible-actior  hammer 

3.  Tidal  Uft 

4.  Each       the  above 
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Figure  18B-nle<>  and  jot  fife;*. 

i .     As  a  pile       Iving  invert,  which 

arrangement  of  j*-t  [lf^s  shovn  m 

Figure  1QB  is  best  suited  far  keeping 
it  plumb? 

1.  A 

2.  B 

4  D 


U'aminfj    J j*  ctiv*?;    Identify  tht* 
correct  procedures  fot  constructing 
an  aivan^ed  iras<:  tntvr  pit^r.  Text- 
look  pag*^  K-42  through  l*>-44. 


18-54      now  many  bay:*  ar«>  ^nstnict^.i  for  an 
advanced  t^st  timter  pitrr^ 

1.  14 

2 .  \2 

Thr  n^mU'i    U'l^n.l*  on  tU'  total 
length  of  rn*-  j,iti 
4.  Tht  nimber  Arfnd*}  on  tht.  widzl* 
of  tV  pier 

ltt-CS.     Support  fir  j  ;  i-i  1^  n^*lt\  pt^-n^-i 
r>y 

1.  t :abl<  . 

2.  file  1*  r,t  - 
^  .  sheet  pi  1* 
4 .  rock  nil 

bearing  ?  il«<5  and  th*.  latter  pil-  j  of  an 
idvanced  ba  ie  tiiriUr  ['lor? 

1.  Ujarinj  ;  il-  ;  '*r*>  smaller  in 

iiame^er 

Tb*j  jrib.^  ar«  jnwn  rij-  dov; 

^s.  Th*-*  titter  fil'  ■  ^r>    hotter  tnan  tU 

U  arun  |  1 1-  i 
K  Th*--  bitter  iih     Jr*    ;*.-t  at  £    in  iJ 

13-^7,     a  j  ;*--r  i)  jr>t<ct*  J  ajjin^f   >h,ck  dama^ 
from  a  -l-  i  alon;pidt*  it  i  ^  *i 

v/^t*-m  >f 

1 ,  batter  ,  1 1*  ^ 
ta-arin  !  f  1 I<- 
*.  .-.tring^r- 
K  ff-n-V  i  ;  il- 


18-S8.    Which  of  the  following  is  an  isolated 
cluster  of  piles  located  about  \*>  f**pt 
from  the  end  of  a  pier? 

1 .  Pi  le  cluster 

?.  Feeder  pile  chock 

3.  Dolphin 

4 .  Fender  wale 


Learning  Objective:    Correlate  the 
names  of  waterfront  structures  with 
their  purposes  ar.d  appropriate  con- 
struction techniques.  Textbook 
pages  16-45  through  16-49. 


In  an:>w*vring  items  18-S9  through  18-62,  select 
fron  column  B  the  waterfront  structure  having 
the  purpose  in  column  A, 


A.  purpose 


18-S<> 


3P-*,1. 


\r\-C2. 


UJ-C  3. 


B.  Waterfront 
Structures 

L  Jetty 

2.  Gr^in 

Seawall 

4.  Breakwater 


1H-04 . 


Is  designed  to  reduce 
the  action  of  the  waves 
o  f  the  so  a 

Confines  tidal  flow  to 
a  selected  channel 

reflects  the  current 
avay  frorc  the  shore  to 
prevent  erosion 

Ij>  built  along  the  shore- 
line to  protect  property 
from  erosion 


Fr<om  what  raaterxal  is  the  top  of  a 
breakwater/ jetty  constructed? 

1.  t?oncr*.*e  floured  in  a  single  unit 

2 .  Cap  rock 

3.  Concrete  caissons; 
4-  £ach  of  tho  ^bove 

In  constructing  a  seawall*  tin.  harbor 
liottom  is  prevented  from  being  eroded 
avay  from  the  toe  of  the  vail  by  the  use 
of 

1.  an  inclined- face f  ca^t-in-j]lace  cut- 
off wall 

2 .  a  vert  i^al-face*  ci^t-m-jnlace  cotof  f 
wall 

\.  riprap 

■1    sand  and  ^lay 


IIS 
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16-6$.     What  waterfront  .structure  requires 
the  use  of  tie  rods  and  anchors? 

1.  Jetty 

2.  Dolphin 

3.  Bulkhead 

4.  Groin 

18-66.    The  sheet  piling  used  in  the  construction 
of  most  bulkheads  is  made  of 

1-  concrete 

2.  wood  only 

3.  steel  only 

4.  wood  and  steel 

18-6?.    When  a  steel  sheet  pile  bulkhead  is  con- 
structed, the  sheet  piles  for  the  bulk- 
head and  anchorage  are  driven  after  the 

1.  tie  rods  are  prestressod 

2.  supporting  piles  for  the  bulkhead 
are  driven 

J.  wales  are  bolted  on 
?  4.  shore  and  bottom  are  excavated  to 
the  proper  level 

18-68.    After  the  steel  sheet  piles  for  a  bulk- 
head are  successfully  driven,  what  is 
the  next  step  in  construction? 

1-  The  tie  rod  suppo/ts  are  placed 

2.  The  tie  rods  are  set  in  place 

3.  The  tie  rods  are  prestressed 

4.  The  tie  rods  are  adjusted  to  bring 
the  piles  into  plumb 


lfl*?0.    What  is  the  purpose  of  a  caisson  or 
cofferdam? 

1.  To  channel  strong  currents  away 

2.  To  act  as  fenders  for  wharves 

3.  To  pump  and  keep  water  out  of  the 
structure  during  construction 

18-71,    How  is  the  pile  wall  for  a  cofferdam 
supported? 

1.  &y  a  framework  of  stringers  and 
struts 

2.  By  itself*  if  built  in  the  shape  of 
small  arches  with  abutments  supported 
by  cross -members 

3.  By  a  double  row  of  piles  tied  together 
with  heavy  £>teel  ties  built  in  a 
rectangular  or  oval  shapo  and  filled 
with  earth 

4.  Each  of  the  above 


In  answering  items  18-72  through  18-74,  select 
trom  column  B  the  description  of  the  caisson  m 
column  A. 


A-_  Caissons 
18-72.  Box 
18-73.  Pneumatic 
18-74.  Op^n 


Learning  Ob"jtfctivc;    Identify  the 
construction  methods  and  uses  of 
caissens  and  cofferdams.  Textbook 
paqes  lfc-^S  through  16-52* 


B._  He s c r i r»t i on s 

1.  Tor>  closedr  open  at 
the  bottom 

2.  optn  at  the  top, 
bottom  closed 

1.  r^pon  top  and  bottcro 

4 .  Closed  top  and 
bottom 


To  cut  off  the  flow  of  water  into  a 
construction  siter  what  piping  system  is 
used? 

1.  caisson 

2.  cofferdam 

3.  wellpoint 

4.  PipvJ  in<? 
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□  USH    CDUSHR   C3  ACTIVE    O  INACTIVE    OTHER  (Sp«ify) 


TStyorFNS 

 DESIGNATOR  ASSIGNMENT  NO. 

 _OATE  HAILED  - 


Zip 


1   2   3  ^ 

1 □□□□  

2 □□□□  

3 □□□□  

4 □□□□  

5 □□□□  

6 □□□□  

7 □□□□  

8 □□□□  

9 □□□□  

10  □□□□  

11  □  □  □  □  _  

12  □□□□  

13  □□□□  



15  □  □  □  □  

16  □□□□  



18  □□□□  

19  □□□□  

»□□□□!  

21 

22  □□□□  

23  □□□□  

2A   

25  □□□□  


/ 


1   2   3  k 

26  □□□□  

27  □□□□  

28  □□□□  

29  □□□□  

30  □□□□  

31  □□□□  

32  □□□□  

33  □□□□  

34  □□□□  

35  □□□□  

36  □□□□  

37  □□□□  

38  □  □  □  □  

39  □□□□  

40  □□□□  

41  □□□□  

42  □  □  □  □  

43  □□□□  

44  □□□□  

45^3eDD  

47   

48  □□□□  

49  □□□□  

50  □  □  □  □  


SCORE 


12   3  4 

51 
52 
53 

54  □□□O.- 
SS  □ 

56  □□□□_- 

57  □□□□_- 

58  □□□□_- 

59  □□□□-- 

60 
61 

62  □□□□-. 

63 

64JDDD-. 

65  □  □  □  □  - 
&&□□□□_ 
&?□□□□„ 

68  D  □  □  □  - 

69  □  □  □  □  - 

70  □  □  □  □  - 

71  □□□□_ 

72  □□□□  - 

73  □□□  □  - 

74  □  □  □  □  - 

75  □□  □□  . 


734 


PRINT  OR  TYPE 


BUILDER  3&2 
NAVEDTRA  10648-G 


NAME. 


ADDRESS 


Uft 


Fktt 


RANK/RATE 


.SOC  SEGNO,  


-DESIGNATOR  


"Tip" 


□  uw'duWR  □  ACTIVE    C3  IMACTtVE  OTHER 


12   3  4 

I  □□□□  

2 □□□□  

3 □□□□  

4 □□□□  

5 □□□□  

6 □□□□  

7 □□□□  

8 □□□O  

9  □□□□  

10  □  □  □  □  

II  □□□□  

U □□□□  

13  □□□□  

14  □  □  □  0  

15  □□□□  

16  □□□□  



18  □□□□  _  

19  □□□□  

20  □  □  □  □  

21  □□□□  

22  □  □  □  □  

23  □□□□  

24  □  □  □  □  

25  □□□□  


12   3  4 

26  □□□□  

27  □□□□  

28  □□□□  

29  □□□□  

30  □□□□  

31  □□□□  

32  □□□□  

33  □  □  □  □  

34  □□□□  

35  □  □  □  □  

36  □  □  □  □  

37  □□□□  

38  □□□□  

39  □  □  □  □  

40  □  □  □  □  

41  □□□□  

42  □□□□  

43  □□□□  

44  □□□□  

45 

46  □□  □□  -- 

47  □  □'□  □  

48  □  □  □  □  

49  □  □  □  □  

50  □  □  □  □  


ASSIGNMENT  NO 
DATE  MAILED  - 


SCOHE 


12    3  4 

51 
52 
53 

54  □□□CU- 
SS □ 

56  □□□□-- 

57  □□□□_- 

58  □□□□-- 

59  □□□□_- 

60  □□□□-. 

61  □□□□-- 

62  □□□□_. 

63  □□□□-. 

64DDDD- 

65  □  □  □  □  - 

66  □  □  □  □  - 

67  □  □  □  □  - 

68  □  □  □  □  - 

69  □  □  □  □  - 

70  □  □  □  □  - 
?!□□□□- 

72  □□□□- 

73  □□□□- 

74  □  □  □  □  . 

75  □□  □□  - 


7S5 


ERIC 


PRiKTORTYPE 


BlflE.DER  3&2 
tlAVEDTUA  10M8-G 


NAME, 


ADDRESS. 


Pint 


Middle 


Stre«t/3hlp/Unltf  DlvUon,  tic. 


RANK/RATE. 


.  SOC.  SEC.  NO. 


Oiy  or  FPO  Sut«  Sp" 
-DESIGNATOR  ASSIGNMENT  NO  


□  USH    □  USHR   D  ACTIVE    Q  INACTIVE    OTHER  (Spteify) 


.DATE  MAILED 


12    3  4 
T  F 

1  □□  □  □   26 

2  □□  □□   « 

3  □□  □  □   28 

*  □□□Q   29 

5  □□□□   30 

6  □□□□   31 

7  □  □  □  □   32 

8000Q   33 

  » 

">□□□□   35 

11  ODDD   36 

12  □□□□   37 

13  □□□□   38 

  39 

15  □  □  □  □   40 

16  □  □  □  □   41 

  *2 

  « 

19  □  □□  □   46 

20  □□  □□   '  *5 

21  O  □  □  □   « 

22  □  □  □□   47 

23  □  □  □  □   48 

24  □  □  □  □   49 

25  □  □  □  □   50 


12    3  4 
T_  F 

□  ODD. 


SCORE 


12    3  4 

2 
3 
* 
5 

*  ODD □. 

7 

8 

60 
61 
62 
63 

65 

66  □  □  □  □  . 

67  □  □  □  □  . 

72 

73  □  DO  □  _ 
7'*  □  □  □  □  . 


786 


HUNT  OR  TYPE 


NAME. 


FUIIrDEB  3&2 
NAv"EDTRA  10648-G 


.  ADDRESS 


RANK/RATE. 


.  SOC  SEC.  NO. 


SU»rt/8hlp/  UnWDMrion,  He. 
CUyorFFO  Sue* 


□  USM    DUSHR   CD  ACTIVE   Q  INACTIVE    OTHER  (Spseify) 


-DESIGNATOR. 


12   3  4 

2  □□  □□ 

*□□□□. 

•□□DD. 

oDQGD 

1  □•□  O  □ . 

2  □□□  □, 

3  □ 

20  □□  □□. 

21  □  □  □  □  . 

22  □  □  □  □  . 


12   3  4 




28  □□□□  

29  □□□□  

» □□□□  

31  □□□□  

32  □□□□  

33  □□□□  

3*   

35  □□□□  

36  □  □  □  □  

37  □  □  □  □  

38  □  □  □  □  

39  □  □  □  □  

.  



«  O  □  □  □  



**  □□□□  

«  DOOD  





46  □□  

*9  D  □  □  □  

50  □□□□  


.  ASSIGNMENT  NO.. 
 DATE  MAILED  _ 


12    3  4 

51 
=2 

5*  □□go. 

55 
56 
57 
58 
59 
60 
61 
62 

63  □  □  □  □  . 

65 

66  □  □  □  □  . 

67  □  □  □  □  . 
68 

69  □  □  □  □  . 

70  □  □  □  □  . 

»□□□□. 
72  □  □  □  □  . 


SCORE 


737 


ADDRESS . 


RANK/RATE 


.  SOC  SEC  NO. 


□  USH    OUSNR   CjACfYE   O  INACTIVE    UTHER  (Sp~W  — 


City  ot  WO 

.DESIGNATOR  /bSIGNMENT  NO 

 _DATE  MAI1  =D  . 


12    3  4 

t  r 
1  □□□□ 


2 □□ □□  

3 □□□□  



s 

6  □□  □□ 


* 


8  □□  □□  -- 

9 □□□□  

10  □  □  □  □  

n □□□□  

12  □□□  □  

 :-- 



is  □  □□  □  

uDDDD  

17  □□OD  

18  □□□□  

19  □  □  □  D  

20  □□□□  

21  □□□□  

22  □□□□  

23  □□□□  

24  □□□□  

25  □  □□□  


1    2    3  i 

26 
27 
28 
29 
30 
31 


7DOOO~_--  «□□□□- 


33 
34 

35  □□□□  

36  □  □  □  □  

37  □□□□  

38  □  □  □  □  

39  □□□□  

40  □  □  □  □  - 



«□□□□  - 



4ADDDD  ■-- 

45  □□□□  - 

46   

47  □  □  □  □  

48  □  □  □  □  

49  □  □  □  D  

50  □□□□  - 


SCORE 


12    3  4 
T    F  _ 

SI 

52  □□□□  

53  □□□□  

54  □□□□  

55  □□□□  " 

56  □□□□  

57  □□□□  

58   

59  □□□□  

60  □□□□  

61 

63  □  G  □  □  

64  □  □  n  □  

<'>□□□□  

66  □  □  □  □  

67  □  □  □  □  

"riaoa  

69  □  □  □  □  

70ODDO-  

71  □□□□  

72  □□□□  

73 

74  □  □  □  □  

75   


733 


rarer  OR  type 


NAME, 


ADDRESS 


Fbti 


Middle 


RANK/RATE 


.  SOC  .  SEC  NO, 


□  USH    OUSHR    D  ACTIVE    D  INACTIVE    OTHER  {Sptcifyl 


"Etyor  PK>  $ut* 

.DESIGNATOR  ASSIGNMENT  VO  _ 

 DATE  MAILED 


Zip 


1  2   3  ^ 
T    ?  _ 

I  □□□□  

12  3- 

26 

2  nn  □  □ 

27 

3 □□□□   

28  □  □  □  □- 

4  n  □  □  □  

29 

5  n n □□   

30  □  □  □  □_ 

6  n  n  □  □   

31  DDDC- 

7 □□□ □   

32 

ennnn   

33 

9  □□□□ 

34 

mfinnn    _  _ 

35 

u  □□□□  - 

36  □  □  □  □  . 



37  □  □  □  □  . 

13  □□□□  

38 



39  □  □  □  □ 

15  □□□□  

40  □  □  □  □ 

41  □□□□ 

17   

42UDDD 

18  □□□□  

43  □  □  □  □ 

19  □  □□□  - 

44  □  □  □  □ 

»□□□□ 

45  □□□□ 

2iQDD  □ 

46  □  □  □  □ 

22  □  □  □  □  - 

23  □□□□  . 

24  □  □  □  □  . 

25  □□□□ 


«□□□□  

48  □  □  □  □  

49  □□□□  

50  □  □  □  □  


SCORE 


12    3  4 

51  □□□□  

52  □□□□  

53  □□□□  

54  □□□□  

55  □□□□  

56  □□□□  

57  □□□□  

58  □□□□  

59  □□□□  

60  □□□□  

61  □□□□  

62  □  □  □  □  

«□□□□  

64  □  □  □  □  

65  □  □  □  □  

66  □□□□  

67  □□□□  

68   

69  □  □  □  □  

70  □□□□  

71  □□□□  

72  □□□□  

73  □□□□  

74  □□□□  .  

75  □□□□  


|erJc 

L 


7s;j 


PRINT  OR  TYPE 


BUILDER  3&2 
NAVEDTRA  10648-G 


NAME  


„  ADDRESS , 


Fktt 


Stmt/3blp(Unlt/DI»toon.  tit. 

SUt* 


RANK/RATE 


.  SOC.  SEC.  NO. 


CHy  or  (Tti 
.  DESIGNATOR . 


"ST 


□  USN    DUSNR    O  ACTIVE    □  INACTIVE    OTHER  (Sp.cify) 


1    2  3 

I  □□□□  

2 □□un  

3 □□□□  

4 □□□□  

5 □□□□  

6 □□□□  

7 □□□□  

e □□□□  



10  □  □  □  □  

II  □□□□  

12  □□□□  - 

13  □□□□  - 

U  □  □  □  □  

15  □  □  □  □  

16  □□□□  



ie  □□□□  



20  □□□□  

21  □  □  □  □  

22  □  n  □  □  

23  □  □  □  □  

24  □□□□  

25  □□□□  


1    2   3  4 

26  □□□□  

27  □□□□  

26  □□□□  

29  □□□□  

30  □□□□  

31  □□□□  

32  □□□□  

33  □□□□  

34  □□□□  

35  □□□□  

36  □  □  □  □  

37  □□□□  

38  □  □  □  □  

39 

40  □  □  □  □  

44 

45  □□□□  

46  □□□□  

47  □  □  □  □  

48 

49  □  □  □  □  

30 


.assignment  no. 

 DATE  MAILED  - 


SCORE 


1    2    3  4 

51 
52 

53 
54 
55 
56 
57 
56 
59 

60 

61 

62 

63  □  □  □  □  _ 

64 

65 

66  □  □  □  □  _ 

67 

66  □  □  □  □  . 

69  □  □  □  □  . 

70  □  □  □  □  . 

71  □□□□  . 

72  □□□  □  . 

73  □□□□ 

74  □  □  □  □ 

75  □□  □□ 


730 


HtlNTORTVFg 
NAME,   


DU.'LDER  3i2 
NAVEDTRA  10648-0 


ADDRESS . 


ttidlflt 


Stntt/SWp/Ooit/Divinon.  rtc. 


RANK/RATE 


.  SOC.  SEC  NO. 


DV'SN   D'JSNR   O  ACTIVE   d  INACT.VE    OTHER  (Sp-cI 


City  ot  FW  SE« 
 DESIGNATOR  ASSIGNMENT  NO 

 .DATE  MAILED  - 


"ST 


1    2    3  4 

2 □□□□  

3 □□□□  

4 □□□□  

5 □□□□  

6 □□□□  

 - 

8  



10  □  □  □  □  - 

U □□□□  

12  □□□□  

13  □□□□  - 

14  □  □  □  □  

15  □  □  □  □  

16  □□□□  



18  □□□□  

19  □  □  □  □  

20  □□□□  

21  □  □  □  □  _  

22  □□□□  

23  □  □  □  □  _  

to □□□□  

25  □□□□  


1    2  3 

26  □□□□  

27  □□□□  

28  □□□□  

29  □□□□  

30  □□□□  

31  □□□□  

32  □□□□  

33  □□□□  

3*  □□□□  

35  □□□□  

36  □  □  □  □  

37   

38  □□€)□  

39  □  □  □  □  

40  □□□□  

41  □□□□  

42  □  □  □  □  

43   

44  □□□□  

45  □□□□  

46  □  □  □  □  

47  □  □  □  □  

48  □  □  □  □  

49  □□□□  -- 

50  □  □  □  □  


SCORE 


12    3  4 

51  £]□□□-- 

52 
53 

54  □□□CU- 
SS □  □□□_- 

56  □□□□_- 

57  □□□□_- 

58  □□□□_- 

59  □□□□_- 

60  □□□□_- 

61  □□□□-. 

62  □□□□_. 

63  □  □  □  □  _ 

64  □□□□_ 

65  □□□□_ 

66  □  □  □  □  _ 

67  □□□□_ 

68  □  □  □  □  _ 

69  □  □  □  □  _ 

70  □  □  □  □  - 

71  □□□□- 

72  □  □□  □  _ 

73  □□□□- 

74  □  □  □  □  - 

75  □  □  □  □  . 


791 


PttfNTORTVPE 
NAME  


BUILDER  3^2 


ADDRESS 


RANK/RATE 


FkiC 


.SOC  SEC  NO, 


Stect/Shlp/Uoli/DivWon,  etc. 


□  USH    DuSHR   D  ACTIVE    □  INACTIVE    OTHER  (Sp~W 


"Clty'or  PM 

.  DESIGNATOR  ASSIGNMENT  NO 

 .Date  mailed  - 


top 


1    2   3  A 

t  b6no  

2 □□□□  

3  □□GJD  

4  □□□□  

3 □□□□  



7 □□□□  

8 □□□□  

9 □□□□  

10   

11  □□□□  

12  □□□□  

13  □□□□  

14 

15  □□□□  

f.6  Q  □  □  □  



18  □□□□  



20  □□□□  

21  Q  □  □  □  

22  □  □  □  □  

23  □  □  □  □  

to □□□□  

25 


X    2    3  * 

26  □□□□  

27  □□□□  

28  □□□□  

29  □□□□  

30  □□□□  

31  □□□□  

32  □□□□  

33  □  □  □  □  

34  □□□□  

35  □□□□  

36  □  □  □  □  

37   
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